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Ten right-handed, right eye-dominant aircrew ffainees recalled digits and colours 
projected simultaneously one to each eye, under five binocular viewing conditions that 
+ Wecluded overlap in visual fields. 

Results of this experiment favour the view that Broadbent’s theory of jmmediate 
memory is a special case which, though not typical,.is applicable to vision. Relevance of 
present findings for the problem of cerebral dominance is also discussed. 

LJ 
INTRODUCTION 


, € 6 
Broadbent's theory of immediate memory (Broadbent, 1956, 1957) emerged 
directly from*experiments employing dichotic stimulation, and has been elaborated « 
subsequently (Broadbent, 1958) to encompass other psychological phenomena as 
well. An important assumption of the theory is that a particular type of response 
organization in recall of auditory stimuli is representative of that to be anticipated 

' when subjects must recall stimuli presented simultaneously in other sensory 
modalities. Further, this manner of recalling dichotic stimuli is regarded as an 
espetially efficient one (Broadbent, 1956, 1957). 

These assumptions have recently been questioned by Moray (1960, 1961) and 
Sampson and Spong (196ra, 19616). In Moray's view (1961) a separate model for 
each modality may be required because of the atypical nature of the auditory-memory 
experiment. ‘On the other hand, Sampson and Spong (r961b) suggest in effect that 
it might be more fruitful and parsimonious to regard the present version of the 
theory as a special instance of a more general formulation which is more likely to 

evolve from experiments on visual memory than auditory memory because of the 

. dominant role of vision in human behaviour. 

s, I he present experiment was designed to answer two specific questions to provide 
a basis*for deciding between these alternatives for development of the theory: 


(i) Is the pattern of recall associated with dichotic stimulation demonstrable 
spontaneously in an analogous visual-memory experiment ? 


(2) If so, is this type of response pattern as efficient as other ways of organizing 
responses in recall? 


An earlier experiment (Sampson and Spong, 1961b) was not successful in 
demonstrating this mode of recall when two types of digits were projected simul- 
taneously, one to each eye. Therefore, in the present experiment, two quite different 
classes of stimuli (digits and colours) were selected, and subjects were asked to recall 
them whef the digits and colours were projected simultaneously one to each eye, 
under five binocular viewing conditions which precluded overlap of visual fields. 


I 7. 
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METHOD 


This experiment was designed to investigate effects on speed and accuracy of recall 
of (4) mode of recall (i.e. whether subjects recalled all colours projected to one eye before 
digits projected to the other); (B) five different binocular viewing conditions; (C) two 
types of stimuli (digits and colours) ; and (D) the eye to which the information is projected, 

Subjects. Ten right-handed, right-eye dominant, male aircrew trainees were used 
whose ages ranged from 19 to 26 years (X = 202 years), all of whom had normal colour 
vision. Handedness was determined by an individually administered questionnaire | 
composed of 20 items suggested by Humphrey (1951) as sensitive indices of manual 
preference, and three additional items designed by Gillies, MacSweeney and Zangwill 
(1960). Eyedness was determined by the finger-aiming test. 

Apparatus. A magazine-load automatic projector was connected to two interval 
timers which were in turn linked to a recording milliammeter, thus permitting control 
of stimulus duration and interval between successive stimuli, as well as recording of 
these intervals on the milliammeter by a chronograph pen attachment. Slides were 
"gravity-fed" into the machine from a vertically placed slide holder. The timers 
controlled the shutter mechanism M the projector. 

A standard tape recorder was uged to record the subject's verbal responses, the timing 
of which were recorded on the RELE by means of a throat microphone connected 
to it through an amplifier. - 

A binocular viewer, 3 ft. 6 in. x Gin. x 3 in. painted matt black, with a centre división 
down its length that effectively bisected the visual field, and across the end a day-view 
screen upon which stimuli for each eye were projected. A second removable day-view 
screen,had two 2 mm. holes punched in it 30 mm. on either side of the centre division that 
ran down the length of the viewer. These were the fixation points. 

The visual stimuli were arabic digits from 1 to 9, and six coloured discs (red, yellow, 
gteen, blue, orange, and black which was the only non-transparent disc). The diameters 
of the discs equalled the height of the digits. The projected size of each stimulus was 
about 25mm. x 16mm. All stimuli were mounted on 2in. X 2 in. glass slides in pairs. 

Four different types of slides were used with digits and coloured discs placed below the 
point of fixation in different parts of the visual field, as follows: 


(a) Both left- and right-eye digits and colours mounted so that the outer edge of each 
was projected 35 mm. temporally of the fixation point and below it. This viewing 
condition was designated LTRT. : 


(b) Both left- and right-eye digits and colours mounted So that the outer edge of 
each (in this case nearest the centre division of the viewer) was projected 3o mm. 


to the nasal side of the fixation point and below it. This viewing condition was 
designated LNRN. 


(c) The left-eye digit or colour mounted temporally as in (a) and thé'right-&ye digit 


kom Ec mounted nasally as in (b). This viewing condition was designated 


(d) The left-eye digit or colour mounted nasally as in (b), and the right-eye digit of 
TM mounted temporally as in (a). This viewing condition was designated’ 
(e) A fifth type was also constructed with no fixation point and in which the left.and — 


right eye digits and colours were mounted in the centre of each half of the slide. © 
This was a control viewing condition. 


Previous experiment (Sampson and Spong, 1961a) has shown that typically under 


§ of pairs of digits, and timing relations are comparable to 
those used by Broadbent (1956). Therefore in this experiment, in order to ascertain 
whether a response organization similar to that obtained for audition could be elicited at 


all in vision, two pairs of slides were prepared for each viewing condition, in one of which 


all colours were Projected to the left eye and digits to the right, and in the other the 


* 
" 
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reverse was true. These “‘test slides" favoured any tendency to recall all information 
projected to one eye before any from the other, and as digits and colours appeared with 
equal frequency in each eye, any tendency to group colours and digits separately should 
be independent of the tendency to keep one eye separate from the other. The remaining 
40 slides ("trial slides") did not favour any particular response tendency. 

Procedure. In a pre-experimental period, each subject was required to superimpose 
the two fixation points on the day-view screen which were separated by a distance of 
64mm. This was the binocular fixation used in all the experimental trials. The subject 
then identified three pairs of digits—one each of types (a), (b) and (c) above, and each of 
the colours projected. Preliminary investigation suggested that reversal of type (b) 
stimuli in response was characteristically associated with this type of fixation, and so 
perceptual reversal of stimuli on this type of slide was used as a rough confirmation of 
the subject's ability to fixate in the required manner. 

In the experimental session that followed immediately each subject was given fifty 
trials, comprising five groups on ten trials, corresponding to the five viewing conditiops. 
Each subject received a number of digits and & number of colours on each trial, the two 
types of stimuli together adding up to eight, and tp/; total number of digits and colours 
being equal when added together over all trials fh each viewing condition. A trial 
consisted of four slides followed by a fifth red slide signalling the end of each trial. The 
digits ad colours composing each trial were pre-arranged so that two identical digits or 
volours did not appear in any trial. Particular trials were selected at random in advance 
for presentation to the subject. e 

The subject was instructed that after every trial he was to call out all stimuli he could 
remember, in any order, as soon as possible after a red flash appeared on the screen that 
followed o-8 sec. after the last stimulus pair on each trial. Every stimulus pfir was 
projected for 0:3 sec., with an 0:8 sec. interval between each slide. 

Before a trial, except control trials, the subject was told to superimpose the fi.zation 
points and to, indicate when he had done so. Then, the stimuli were projected to each 
eye. 

RESULTS, 


(x) Table I shows the percentage of instances of recall in which subjects reported 
stimuli pf the ro "test slides" and of the 40 “trial slides" in a manner analogous to 
Broadbent’s (1956) subjects on an auditory-memory task. Present subjects were 
ranlfed in these terms on the “test slides" and two equal groups (I and II) so formed 


TABLE I 
PERCENTAGE eOF INSTANCES IN WHICH COLOURS WERE RECALLED GROUPED TOGETHER 


Trial slides 


Test slides 
(max. possible = 40) 


(max. possible = 10) 


Subject 


GROUP 90:0 a 
> I goo 7:5 
" 80:0 


700 
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were used as one classification in subsequent analyses of variance of speed a 
accuracy of recall of digits and colours under five viewing conditions. The m 
"sinistrality index" (Humphrey, 1951) for Group I was 0-13, and for Group IL, o 


(2) Table I shows also that subjects who grouped colours together separately 
recall on the “test slides" revealed the same response tendency on the "'trial slides; 
The rank difference correlation between performance on test and trial slides, correct 
for ties, was 0-92 which is significant at less than the o-or level of confiden 
Moreover, in 61-4 per cent. of trials using "test slides" and 88-4 per cent. usin 
“trial slides,” digits were reported before colours by Group I. In this group th 
greater the tendency to report colours and digits separately in recall, the mo 
likely it was that colours would be reported after digits. This was not of course th 
case for subjects in Group II, who grouped few responses together in this way (Se 
Table I). a > 


(3) Significantly more digits ix = 84-4 per cent.) than colours (Š = 62:7 p 
cent. were recalled correctly (P < o-or, Table II). However, while recalling T4 
per cent. fewer colours than Group II, Group I still recalled digits equally as well 
did Group, II (Table III and A x C (p < 0o01) in Table II). 


TABLE II 


ANALYSIS OF VARIANCE OF PERCENTAGE RECALLED CORRECTLY! 


Source 


Recall groups (A) 
Error (a) .. 


on 


Viewing conditions (B). . 4 
Digits-colours (C) E I 
Eyes (D) e. ve 1 
AXB 4 
AxC I 
AxD I 
BxC 4 
BxD 4 
CxD : I 
BOX B. 4 
ek x Di I 
AXBXD. 4 
AXBS*C . 4 

Error (b) . 156 


Total 54497°41 


Cl 
o 
Re 


9% Significant at < o-oor level of confidence. 
** Significant at < o-o1 level of confidence. 


(4) In terms of overall performance, stimuli projected to the left eye were reca 
less well than those projected to the right eye (p < o-or, Table II). Ho 
Table IV which depicts the significant A x D interaction (p < o:oor, Table H 
shows clearly this trend was typical only of performance of subjects who altern 


1 These data were transformed by the formula: Angle = Arcsin yP cm 
before analysis. y : 8 sin 4/. Percentage r 
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colours and digits in response (Group II), and that Group I tended to recall slightly 
fewer stimuli from the right. 


TABLE Ul 


PERCENTAGE or Dictts AND COLOURS RECALLED 
ConxECTLY sy GROUPS I AxD Il 


Group | Digits | Colours 
I 86-6 I2 87 WE 
II 82:2 69:8 
TABLE"IV 


PERCENTAGE OF DIGITS AND COLÔURS PROJECTED 
TO Eacu Eye RecaLLED BY Gfours I AND II 


v ————————— 
É Group Left eye Right eye é 
i TR ; 
SS a eee LO e 
1 TABLE V 


ANALYSIS OF VARIANCE OF MEAN RESPONSE Onset Times 


Source 


Recall groups (A) e3 9:20 1 920 =- 
*Error(a) .. x4 114°53 8 14°16 -— 
Viewing conditions (B). . 7°76 4 1:94 4°33°° 
Digits-colours (C) "T 33°70 1 33:70 25:22*** 
Eyes (D) Ede ef 429 1 429 9:sR** 
AxB A E 112 4 0:28 — 
AxC 7 LA 12:66 1 12:66 28:26*** 
AxD Vi xL O-or I oor — 
Bx SG i a 0°07 4 024 — 
BxD i EH 3'or 4 075 1:67 
CxD T ra 3:06 I 3:06 6:83** 
»BxCxD .. T 2:1I 4 0:53 118 
AxCxXD .. er 143 I 143 319 
AXBXxD —.. "E 0:66 4 0:17 —_ 
A XED E I'OI 4 0:25 = 
Error (b) .. - 69°01 156 0:448 — 
E o ea 26543 199 — — 
— dmn G mid aa a 


** Significant at < o-or level of confidence. 
*** Significant at < 0-001 level of confidence. 


(5) Analysis of variance of mean time of onset of each response (Table V) leads 
to the conclusion that colours (X — 794 millisec.) were recalled more slowly 
(p< 0-001, Table V) than digits (X = 550 millisec.) and that both classes of stimuli 
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were recalled more slowly (p < o'or, Table V) from the left ( = 723 millisec.) 
than from the right (X = 647 millisec.). Table VI which depicts the significant 
($ < ooox, Table V) A x C interaction, shows that subjects who grouped colours 
together in response (Group I) recalled them more slowly than those who typically 
alternated colours and digits (Group II). Colours and digits were recalled in a 
similar way from both left and right, but the significant C x D interaction (p < oor, 
Table V) summarized in Table VII, indicates that the difference in speed of recall of 
colours was most marked, colours projected to the left eye being recalled most slowly 


of all. 


TABLE VI 


MEAN RESPONSE TIMES (MILLISEc.) OF 
Groups I AND II 


Colours 


917 
670 


TABLE VII 


MEAN RESPONSE TIMES (MILLISEC.) FOR INFORMATION 
PROJECTED TO LEFT AND RIGHT EYES 


Colours 


867 a 
723 x * 


(6) There were significant differences among viewing conditions (p < o'or, 
Table V) in speed of response onsets. Tables VI and VII, together with Figures 1 . 
and 1B, deal with these differences in response timing in detail and reveal: 


(a) that subjects who grouped colours and digits separately before responding , 


(0) 


(Group I) not only recalled colours more slowly than digits (Fig. 1A) but , 
that colours projected to the left eye were recalled much more slowly still 
in every viewing condition than those projected to the right eye. No such, 
left-right differences were apparent in Speed of recall of digits by this same 
group. Indeed in both control and LNRN viewing conditions digits were 
recalled somewhat more slowly from the right. 


Contrasting completely with timing of responses in (a) was performance of 
subjects who typically alternated colours and digits in response (Group II). 
In this group, speed of recall of both digits and colours was of the same order 
(Fig. 1B) unlike the case for Group I, and the tendency for material on the 
left to be recalled slowest was general However, digits tended to be 
recalled more slowly on the right in the LNRN viewing condition, just as in 
Group I. In addition, in Group II, recall of colours in the control and 
particularly the LNRN viewing conditions (Fig. IB) tended to be somewhat 
slower on the right. 
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(7) “Organization time” (i.e. the time of onset of the first response on any trial) 
was independent of all experimental variables (Table VIII) and much longer than 
other responses (& — 1908 millisec.). 


FIGURE 1 
1200, 
o—oColours o—o Colours 
| o----oDigits o---0 Digits 
| 
1100 Contro 


. 800 
g 
2 
= LJ 
= 
700} res 
600 
LJ 
e 
400) 
, 2 eft eye Right eye Left eye Right eye 
= S A-Group | B-Group Il 
Mean recall times for Experimental Groups. 
. TABLE VIII 


ANALYSIS OF VARIANCE OF MEAN TIME OF FIRST RESPONSES 


>. | Source d 3 
Recall groups (A) M G 
Error (a) 34:99 
Eyes (B) AT 2$ Sates 
Viewing conditions (C) .. E — 
A 7 2 và EE 2:76 1:34 (N.S.) 
cds á 2:46 1:20 (N.S.) 
AXBxC ion sse 
Error (b) ES sk 
Total ° bs m i x 
———————————————————————— 
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Discussion 


Is the pattern of recall associated with dichotic stimulation demonstrable spo 
in visual memory? 


On the basis of present results, the answer to this question is clearly in the 
ative but with the important qualification that there were stable indi 
differences in frequency of occurrence of this response tendency. Still, a p 
of recall was obtained from some subjects when both “test slides” and “trial slides 
were used that was analogous to the one reported by Broadbent (1956, 1957) 
dichotic stimulation, and the greater the tendency to group digits and colou 
separately on "test slides" designed to favour such ordering, the more likely 
colours to be grouped separately from digits in recall on ‘‘trial slides" which did m 
favour any particular order of response. 

It seems apparent that the recall pattern considered representative by Broadbet 
does occur in vision, but nevertheless, it is difficult to obtain spontaneously in tl 
sense that until two quite different classes of simultaneously projected visual stimul 
were used it was not recorded at all in visual-memory experiments of this desig 
(Sampson and Spong, 1961a, 19615). The restricted circumstances under which th 
response pattern is obtained, together with the individual differences in frequen 
with which it occurs, may seem to support Moray's conclusion (1961) that a differei 
memory model may be required for each sense modality. Closer examination Q 
other results of the experiment, however, in conjunction with those reported | 
earlier ones, tends toward the view that Broadbent's current formulation is a specia 
case. This will become apparent in the following discussion of the answer to thi 
second question posed by the present experiment. 


Is the recall pattern associated with dichotic stimulation as efficient as other ways | 
organizing responses in recall of simultancous visual stimuli? 


To some extent the negative answer to this question must be considered tentati 
because it derives mainly from two significant interactions between recall groups à 
percentage of digits and colours recalled correctly (A x C in Table II); and be wet 
recall groups and speed with which digits and colours were recalled (A x © 
Table V) respectively. However, certain other results agree with the implicatit 
of these interactions and so increase the likelihood that they are important. Th 
these interactions reflect the inefficiency of Group I as compared with Group I 
accuracy and speed of recall of colours, and as might be expected if this were inde 
the case, subjects in Group I typically reported colours affer digits and more slow 
than digits on each trial. The order in which colours were remembered by Grou] 
suggests in turn that the slow, relatively inaccurate recall of colours may be due 
a fading memory trace. It seems unlikely that this memory deficit could be 
interference effect because Group II recalled colours as readily as digits although bot 
D antigen gled in response, and Group I recalled digits at least as well as d 

roup II. 

Another reason for the difference between Groups I and II in recall of colours i 
indicated by results showing that information projected to the left eye was rem 
bered less well than that projected simultaneously to the right eye. This finding 
germane also to assessing the generality of Broadbent's theory of immediate mem 

In contrast with this finding, an earlier experiment, similar in design to the p: 
one (Sampson and Spong, 1961b) showed that when a different type of digit 
projected to each eye simultaneously, there were no significant differences in a 
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of recall of digits projected to either eye in a group of right-handed, right eye- 
dominant subjects, However, when the same type of digit was projected simul- 
taneously to each eye, subjects recalled significantly more correctly of those projected 
to the right eye. The same trend was found in a second experiment (Sampson and 
Spong, 19614) using similar subjects. . 

Accordingly, it would be reasonable to have expected present results to resemble 
those obtained when two types of digits were used. That is, as both colours and 
digits were used there should have been no differences in recall of stimuli projected 
simultaneously to either eye. Yet, this was not the case. Generally speaking present 
subjects recalled more digits correctly than colours, but overall, fewer of both 
classes of stimuli were recalled when projected to the left eye than when projected to 
the right eye. Closer inspection of these data, however, revealed an important 
reservation, This is that the left eye-right pye difference in recall was typical only 
of Group II. : 

A plausible inference from the foregoing is tBat subjects in Group I tended to 
form two simultaneous mnemonic organizations representing the two stimulus classes, 
whereas subjects in Group II formed one trace system that served both classes of 
Information. . The inference that a single trace system was operative in, the latter 
instance is supported by the fact that in previous experiments employing only one 
class of stimuli, a difference in recall of information projected to each eye was typical. 
That is, in instances in which stimulus arrangements would not lead one to expect 
dual memory processes, a left eye-right eye difference in recall is obtained. + , 

Timing of responses, particularly the presence or absence of temporal grouping 
of responses in recall in the present experiment provides additional support for this - 
interpretation. Earlier work has suggested that temporal grouping of responses 
may be symptomatic of taxing a limited capacity central mechanism in memory 
(Sampson and Spong, 1961a), and that absence of such grouping might mean that 
responses were independently ordered (Halliday, Kerr and Elithorn, 1960). 

In the present experiment, there was no temporal grouping of digits in Group I, 
although there was marked grouping of colours. In contrast, in Group II in which it 
is presumed only a single trace system was operative, there was marked temporal 
grouping of responses involving both classes of stimuli within the same speed 
range. 

The source of these differences in recall between subjects in Groups I and II may 
reside in the extent to which memory processes were lateralized centrally. There 
„is experimental evidence accumulating both in audition (Kimura, 19614, 19615) and 
+ vision (Sampson and Spong, 1961a, 1961) that suggests that the left hemisphere 
plays an important role in perception and memory. Particularly relevant is an 
experiment (Sampson and Spong, 19615) that indicated any deviation from being 
right-Handed and right eye-dominant was detrimental to recall. In the light of 
recent work by Zangwill (1960) which shows clearly that cerebral dominance is a 
matter of degree, it does not seem unreasonable to postulate that although all 
subjects in the present experiment were right-eyed and right-handed, they may still 
have varied in the extent to which they were “‘left-brained.” The suggestion then is 
that underlying the relative inefficiency of recall of colours by Group I was the fact 
that dominance was less marked in subjects in this Group and so as a consequence 
a division of attention occurred that permitted formation of two mnemonic processes 
simultaneously. This possibility accords with a recent discussion by Broadbent 
and Gregory (1961) of mechanisms in recall of dichotic stimuli. 
It shold be noted that the time required to organize a response sequence was of 
the same order (1:9 sec.) here as reported previously for this rehearsal time (Sampson 
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and Spong, r961a). This means that using two classes of stimuli did not affect speed 
of response integration. 

There is one final point, though further research will be required to determine 
its significance. There was a tendency in Group I for digits to be recalled more 
slowly on the right in the Control and LNRN conditions, while this trend was shown 
clearly only for colours in the case of Group II, speed of recall under the Control 
condition for information from the left and right in this group being similar to that 
reported previously (Sampson and Spong, 1961a). 
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SENSORY SCALING AND THE PSYCHOPHYSICAL LAW 


BY 


MICHEL TREISMAN 
From the Institute of Experimental Psychology, Oxford 


Sensory scaling is analysed as a sensori-motor task for which two relations must be 
determined, the first, S = f (7), being the relation between /, the stimulus intensity, and 
S, a measure of the neural effect of the stimulus, and the second being the relation between 
the subject's response, R, and S. It is shown that for any scaling procedure the relation 
between R and 5 can be arbitrarily specified, and according to the choice made S = f(/) 
will be found to be either a power function or a logarithmic function; these two "psycho- 
physical laws" do not reflect empirical differences between scaling procedures but 
conventional differences in the assumptions made when interpreting these procedures. 
A model is then elaborated in which S = f(I) is fixed,and the relation between R and S 
depends qn the demands of the psychophysical task and the effects of previous learning. 
With this*more complex model the empirical implications of the power function and log 
function differ; it is shown that if the latter is accepted explanations can be given for two 
major problems in scaling theory, the disparity between the functions given by category 
Scaling and the direct methods, and the difference between prothetic and metathetic 
" continua. *. 


INTRODUCTION > 


In recent years sensory scaling has attracted renewed attention, largely because 
of the development of new techniques, the “direct response" methods. It was hoped 
these would confirm Fechner's law, but this has not happened. Instead conflicts 

. and anomalies have appeared which are not yet adequately explained. The present 
paper is an attempt to resolve these conflicts and to clarify the interpretation of 
scaling experiments. i aid a BREE 

Three findings present problems o icular interest: (I 
sensation by meo “just noticeable differences" above the absolute threshold. 

- To the extent that Weber's law held this measure was a logarithmic function of 
stimulus intensity. The "direct" methods include procedures such as ratio produc- 
tion, in which,a standard stimulus is presented to the subject, and he is asked to 

- produce or select a stimulus subjectively twice (“multiplication”) or half ("fraction- 

ation”) as great as the standard. From series of such judgements sensation is found 
to be a power function of eim p eir iso gd 19594. er 

, I959d, 1959e, 1960a, 1960b, 1960c, 1961). inctions ap 

Ea EA Ps gt has been found which can finally dispose of either. 

(2) Methods such as category scaling and equisection are grouped by Garner (1958) 

among the direct methods, but are put by Stevens (19602) in a special group of 

— "partition scales." In equisection and fractionation the subject is asked to divide 

- up a sense distance. In the latter he does so by selecting a given fraction of the 

sensation produced by a standard stimulus; in the former two stimuli are given and 

_ he must divide the sense distance between them into two im vy4 mn Pei In 
category scaling and magnitude estimation, a “direct method," the su ject assigns 
Eu to randomly oman stimuli. In the latter procedure he may choose 

his own numbers, in the former he selects them from a restricted set and he is asked 
to space them equally. Despite the similarities between the direct and partition 

- methods the latter do not give a power function, but instead produce a logarithmic 
function, of a curve of intermediate form. (3) Differences between the “discrimina- 

"bility scales” (obtained by summing j.n.d.'s, or by other procedures employing the 


^ 
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dispersion of responses to a stimulus), “partition scales," and the “magnitude sea 
resulting from the direct methods are found only on certain “prothetic” conting 
such as loudness or length. On other “metathetic’” continua, such as pitch, 
procedures give linearly related functions. 


LOGARITHMIC FUNCTION OR PoWER FUNCTION? 


Fechner believed that a sensation could not be measured directly, but that il 
magnitude could be inferred if it were assumed that a constant increase in sensati T 
magnitude accompanied each just noticeable increase in the intensity of the physi¢ 
stimulus. Stevens (1957) rejects “the transforming of unreliability, inconstancy, 
confusion into units of measure" and believes Fechner's assumption has been sho 
to be wrong because “in terms of their, psychological magnitude, as measured by fl 
scale we first set up by fractionation and magnitude estimation, the j.n.d.'s g 
larger as we go up the scale. Q°E.D., the j.n.d. is not constant in subjective siz 
As Garner (1958, 1959) points out, this begs the question by pre-supposing th 
validity of the power function; he argues that discriminability methods are far mom 
reliable than fractionation and therefore it is “the discriminability criterion . . . whic 
is directly meaningful to normal observers.” Neither argument, however, i 
conclusive. 

An intractable and inconclusive dispute may need the reconsideration of ba 
assunaptions if it is to be resolved. Since Fechner's day there have been ma 
advances in the understanding of measurement and scientific theory. Measuremel 
is now understood as consisting in the assignment of numbers to objects or event 
according to rules, rather than as a process of discovering features inherent in the 
The problem, in developing a scale of measurement, is to choose appropriate rule 
More than one set of rules may be usefully applied to the same subject-matter; 
example, both dynes/cm.? and decibels are valid measures of sound pressum 
Neither is the “correct” scale: we choose between them according to their usefulne 
or the facility of the measuring operations required. If two scales do not agre 
then either what they are measuring differs, or each results from the application ¢ 
different rules. It is also accepted that a scientific theory is essentially a logic 
system which allows observations to be predicted. Only by agreeing.or disagre 
with a prediction can an observation tend to confirm or refute the theory (Campb 
1920; Stevens, 1951; Braithwaite, 1953). One implication of this is that if behaviot 
is to be given a scientific explanation, then any observation, even if it is a verl 
statement by a subject with the form of a reference to terms in the theory, must 
treated as providing evidence only through its relation to prediction. To treat it; 
information about the theory by virtue of its "meaning" would be as fallacious 2 
to accept a patient's complaint of “gnawing pain" as evidence that he is prey to th 
champing jaws of microscopic organisms. These points will not be discussed | 
length here (Treisman, 1962). Their implications have sometimes been overlooke 
but may be capable of resolving the power law—log law conflict. To illustrate thi 
the summation of j.n.d.’s will be compared with ratio production. : 

To determine the differential threshold we might present pairs of stimuli to 
subject, each consisting of a standard stimulus with a value J’ on a physical scale 
stimulus intensity, and a variable stimulus (" + AT’), and ask him to say whethi 
the latter seems noticeably greater. We would take the value of the variabl 
stimulus for which the subject gives 50 per cent. of positive responses, or which m: 
some similar criterion, as the just discriminable stimulus, 7 ^, and the j.n.d. W 
be given by (I" — I’). , To use such pairs of stimulus intensities (1*, I") to dete: 
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a scale of sensation requires a theory relating stimulus intensity and sensation. 
This Fechner supplied by supposing that a sensation had a magnitude lawfully 
related to the intensity of the stimulus producing it, and that an act of discrimination 
consisted in the comparison of two sensations: only when they diverged sufficiently 
would the subject report a difference. The lawful relation between stimulus 
intensity and sensation magnitude allowed the former to be used to indicate the 
latter, in analogous fashion to the use, in physics, of the volume of a mass of mercury 
as an indirect measure of circumambient temperature, by virtue of the lawful 
relation between them. 
If a variable, S, is defined, such that S = /(/), and wë know that 


Tilak... -<. eae 


where & is a constant, we need more informatjon to determine the relation between 
SandJ. As Fechner believed that discrimination depended on a minimum difference 
between sensations he postulated that . 

d S-S [=k (2) 


where S” and S' correspond to J” and J’, and À' is a constant. It can be shown that 
if equations (1) and (2) hold then 
S — K logI .. "PV 


if I is measured in appropriate units, and A" is a constant. 

This equation has the form of Fechner's law. It gives S asa transformation bf 
the physical stimulus measure, J. Only by virtue of a theory relating stimulus 
intensity to the responses made does S acquire an application as an indirect measure 
of a process intervening between stimulus and response. To determine a relation 
between S and I, the empirical information summarized in equation (1), which 
correspopds to Weber's law, had to be supplemented by equation (2), which has no 
empirical content and functions only as an arbitrary formal rule allowing numbers - 
to bt assigned to "sensation magnitudes." Had a different rule been posited, 


such as 
S'IS EY er A S~ et (4) 


where f is a constant, this would have defined a different and equally valid relation 
between S and I: 1 


S= k" I" .. m E tt m (5) 


„Where $” is a constant, and 


n = log f]log k (6) 


_ Equatign (5) would then be as valid a rule for assigning scale values to "sensations" 
as equation (3). ; 5 we 
We could derive a ratio production scale in similar fashion. Pairs of stimuli, 
(I, I’ + AI’), might be presented to the subject, and the value of the variable 
stimulus satisfying a 50 per cent. response criterion would be identified as 7”. Here 
a question such as: ‘Does the variable stimulus seem more than twice as great as 
the standard?” would be asked. Pairs of stimuli (J’, I") would then be available for 
constructing a “‘sensory scale.” In this method equation (4) is always assumed to 
hold, with equal to the fraction or multiple (“half as great, ‘twice as loud,” etc.) 
asked for in the experimental instructions, and S is found to be related to Ibya 
power function like equation (5). A s 
Just as equations (x) and (4) taken together determine equation (5), so do 
equations (5) and (4) determine equation (1) (Ekman, 1958).. Thus for the raw data 
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of the ratio production method, as well as for j.n.d.’s, the relation between J” and I 
is given by Weber's law, so that a difference in the underlying processes does n 
account for the different psychophysical laws derived from the two proceduri 
The derivation of a logarithmic function from discriminability data and a po 
function from ratio production is wholly due to the application of equation (2) i 
the first case and equation (4) in the second. But since these formal equations 
no more than arbitrary definitions or rules they could legitimately be interchanged 
if this were done discriminability data would give a power function, and fractionatio 
a logarithmic psychophysical law. 

Since all the empirical information used is contained in equation (1), and the (sometim 
implicit) assumptions made to allow a scale to be derived are purely formal, t 


logarithmic and power function measures have the same empirical implications he 
This can be illustrated by the analogy of an "automatic photometer” which selects seri 


Although proponents of the power function consider that "sensation has ceased 
to be regarded as a private mentalistic entity . . . and has joined the class of oth 
ratufal constructs, defined in terms of the operations used to denote and measure it’ 
(Stevens, 1961), they would presumably deny that the choice of equation (4) for 
treating ratio production data is arbitrary, and argue that it is in some sense “correct, 
perhaps because subjects are reporting their experiences "directly." This appears 
to be implied by the argument justifying equation (4): “the response of an observer 


. lf we had begun by observing the behaviour of a subject making psychophysical 
judgements we might have asked “What processes underlie this?" and, since wé 


indirect measure of the magnitude of this intervening neural effect, we might have 
used for this purpose the empirical relations found between J” and J’. By the same 
reasoning as before this would have led to equation (3) or equation (5), with S now 
an inferred measure of the response-determining central neural effect of the stimulus. 
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then the varied associations of "sensation" and similar terms become an embarrass- 
ment, and we might do better not to use them at all in discussing the function of the 
inferred measure, S. It is clear that here we would not be tempted to accept the 
subject's beliefs about what he is doing as information about the intimate nature of 
the underlying mechanisms postulated by the model. We see, too, that there i5 no 
good reason for considering ratio production a more “direct” scaling procedure than 
cumulating j.n.d.'s. The experimental instructions may refer to "sensation" more 
directly in the former procedure, but the logical basis for deriving a measure, S, and 
our model of the processes involved, appear of equal complexity in each case. 


Both for Weber's law and in determining a power function from the direct methods 
it has been found that for low values of J the best fit to data is given by adding a constant, 
a, to I, so that the power law could be written as M 

S, = R” (I £ a)" T ^: 3. i (7) 
and Fechner's law as 

Spee Tog elus vo OST 
(Gregorys 1956; Ekman, 1958, 1959; Stevens, 1957; Stevens and Stevens, 1960; Galanter 
ahd Messick, 1961). However a will be ignored in further discussion. "S, and “Ss 
will be used to distinguish the measures of the central effect of the stimulus giwen by the 
logarithmic and power functions. 


It might be objected that although the log and power functions have beenehown 
to be equally valid alternatives for ratio production, this would not be true for 
magnitude estimation, because here no assumption is made. In this procedure 
stimuli are ptesented in a random series, and the subject assigns numbers to them. _ 
The median responses are simply plotted against the stimulus values and a power 
function is obtained with an exponent similar to that given by ratio production. 
However it is wrong to suppose that this procedure gives a power function without 
depending on any assumption similar to equations (2) or (4). 1 

In the simple model discussed above the processes intervening between stimulus 
and'response are divided into two stages. First, the stimulus causes a neural effect 
dependent on its intensity. Then the central effects of two stimuli are compared, 
the divergence between them determining which response is selected. For both 
threshold discrimination and ratio production similar operations could be employed 
at this stage, the main difference being the degree of divergence necessary to produce 

 & positive response. In this model the subject acts as a computer of sorts, an initial 
stage of measurement being followed by a subsequent computation. We can suppose 

-that the central effect of the stimulus, which serves as the "computer's" measure of 
I in its further calculation, is related to the stimulus intensity in the same way 
.whatever the psychophysical task, and that it is the further computations which 
will vary to meet the demands of different tasks. (The "sensory scale," S, or S, 
is then an indirect measure, derived from the stimulus-response relations, of this 
central effect.) In magnitude estimation a different operation would be applied to 
the initial measure, this being its transformation into a form which specifies the 
appropriate response. The relation between the number, R, which constitutes the 
subject’s response, and the stimulus intensity, I, which (ignoring constants whose 
value depends only on the choice of unit) is given by 


RE" 2 AH xs "m e (9) 


is then an empirical equation summarizing the experimental results, equivalent to 
equation 41) in this respect, and, if this model is accepted, it is wrong to mistake it 
for the “psychophysical scale.” We can suppose it to depend on two unspecified 
functions, S = f(I), and R = g(S). Taken together, these. have the same relation 
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to equation (9) as equations (2) and (3), or (4) and (5), have to equation (1). If one 
of the pair is arbitrarily specified this will determine the form of the other. Thus 
the conventional belief that magnitude estimation shows that 


SI ^r. i = Ap oe | (O 
is based on the implicit assumption that 

RS = is Es y c om 
If it were assumed instead that 

R= $ a m ig A (ral 
then the psychophysical law would have the form 

$—mnlogl... v: n3 t 1. wr ER 


In equations (ro) and (13) we have again rules for assigning a measure to the central 
effect of the stimulus, and equations (ro) and (11), or (12) and (r3), are alternative 
descriptions for the same set of uhderlying operations. 


It has been argued that cross-modality matching experiments, in which subjects are 
asked to equate the apparent strengths of stimuli on two dimensions, such as brightness 
and loudness, have ‘‘closed an important circle in a process of validation” of the power 
law (Stevens, 19592). The argument is that if, given an appropriate choice of unit, the 
laws for the two dimensions can be written as $5, = Ti and Spa = I} and corresponding 
values'of S,, and S,, are paired, then the resulting function can be written as I? = I7. 
Taking logs this gives 

log I, = ™ log I, .. 5d a B x« 2 (za 


so that a log-log plot of the paired stimulus strengths would be a straight line with a 
slope equal to the ratio of the two exponents. The confirmation of this prediction has 
been held to strengthen the power law (Stevens, 1957, 1959a, 1959b; Stevens, Mack and 
Stevens, 1960). : 

However if the scales used for each dimension were S, = n log I4, and S, = m log Ip, 
equation (14) would follow equally well, so that though confirmation of the predistion 
shows that subjects perform related tasks consistently it does not provide a reason for 
preferring equation (4) to equation (2) in defining a central scale. 


Although S, and S, are based on alternative arbitrary definitions and have the 
same empirical implications, this does not mean that we can have no*good reasons 
for preferring one to the other. If we compare the subject to a computer then “S” 
refers to the measure of the stimulus used by this computer, and pairs of equations 
such as (2) and (3), or (4) and (5), give alternative descriptions of the successive 
Stages of measurement and calculation performed by it. In this simple model both 
descriptions make the same predictions, and the choice between them can be dictated 
only by convention or convenience. But the model can be elaborated by the addition 
of further assumptions in such a way that the empirical implications of the power and 
log functions will differ. Such an assumption, which we will make, is that error or 
failures are larger or more frequent when the calculations the computer must perform 
are complex than when they are simple, and that its mode of operation is such that 
calculations which appear simple to us, such as addition, or complex, such as the 
extraction of roots, will require it to perform in a correspondingly simple or complex 
way. For some tasks we would expect the computations required to be simple if 
the initial measure of the stimulus is given by a log function, and complex if it is 
given by a power function, or vice versa. Depending on which function we assume 
we now have differing expectations with which to compare subjects' behavjour; if it 
is efficient when a logarithmic measurement function would imply simple further 
calculations, and faulty when they would be elaborate, and this congruence between 
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our description of what the computer is doing and its efficiency is not shown when 
the power function is assumed, we would have good reason to prefer the log function 
model. 

We can now apply this more complex model to some further problems in scaling 
theory, in order to discover whether performance is in fact variable and prone to 
error when the model described in terms of Sy, or Sp, implies difficult and involved 
operations, and ready and reliable when simple operations are implied; whether 
either model needs fewer and simpler operations to provide accounts of the perfor- 
mance observed; and whether the models lead to explanations which are general, 
or arbitrary and ad hoc. è 


“Partition scales” and “magnitude scales” 

If the disagreement between partition ang magnitude scales is to be understood 
a different problem must first be considered: Why do the power laws have the 
exponents found? One suggestion is that the pwer functions are the “dynamic 
input-output operating characteristics of the sensory transducers,” i.e. the sense 
organs (Stevens, 1960a, 1961). But even if there were evidence that the afferent 
neural input was related to stimulus intensity by power functions with theexponents 
found, it would still need to be explained why the numbers chosen by the subjects 
for their responses should show the same relation. If measurement is a process of 
assigning numbers according to rules, then a subject can only make judgements that 
imply measures of magnitude consistently if he is following some rule, and sebjects 
will agree with one another only to the extent that they are following similar rules. 
If agreement is sufficiently general to allow scales to be derived from procedures 
such as magnitude estimation, then some common process of tutelage must be 
responsible for this uniformity. ; TuS 

Warren (1958) has revived the view that experience with stimulus intensities 1s 
the soufce of this learning. He suggests that judgements of sensory magnitudes 
are based on experience of the correlation between sensory excitation and "the 
amount of some physical attribute associated with the stimulus," e.g. the association 
between the loudness of a sound, or the illumination of a surface, and the distance 


environmental changes and anticipate the effects of his actions. Where attributes 
distance, vary in concert, he must learn the relation 
"between them. Dimensions which are frequently subject to additive operations, 
such as visual length, area, or weight, require that he must learn to predict the 
effects of these. If his initial measure of the stimulus, on such dimensions, isa 
‘nonlinear function of J, then he will do best to transform it into a linear function 
before performing analogous additive operations on it in order to derive predictions. 
Thus if his initial measure of length corresponded to S, = log I, he would learn to 
transform this by the function R — eS to give a final relationship of the form R = J. 
It is likely that sensory judgements are often determined by correlated changes in 
more than one dimension, so that he might transform his initial measures of loudness 
and brightness, for instance, into forms simply related to his measure of distance. 
If the final relation made loudness or brightness halve as distance doubled, then these 


dimensions would give R = I°. 


some of the experimental values found for exponents. 


Thus vi i al duration (Stevens, 1957), and, when density is 
visual length, visual area, tempor: ( Veehghts are eliminated 


kept constant (Warren and Warren, 1956) or cues to the size of the weight l 
(Baker and patie 1955), heaviness, all have exponents approximating unity. For 


This view is supported by 
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loudness and brightness values between o3 and os are obtained (Stevens, 19 
1957; Warren and Warren, 1958; Warren, Sersen and Pores, 1958; Warren and Poulto 
1960). Since changes in the taste of sapid substances must often be due to their dilutig 
à linear function of concentration t be expected: exponents found for taste ras 
between o-8 and 1:3 (Warren, 1958; Stevens, 19604). The concentration of an odo 
substance diffusing freely should obey an inverse square law: the exponent for olfactia 
is close to o-s (Stevens, 19608, 1960b; Reese and Stevens, 1960). 

Against the "learning hypothesis" Stevens argues that some dimensions, such 
electric shock, are unfamiliar, and that it does not account for some of the exponenti 
found. Thus he finds that the exponent for loudness is o 3 (Stevens, 1955) and not o 
as claimed by Warren, Sersen and C (1958). However the direct methods are readily 
affected by bi arising from details of procedure (Garner, 1958; Warren, 1955); fo 
example, when a brightness scale was determined by magnitude estimation using a 
target it gave an exponent of 0-36, but when a point source was used the exponent n 
to 047 (Stevens and Galanter, 1957). 


^ 
We must now consider the problem of the disparity found between “partitio 
scales” and "magnitude scales" Gn prothetic continua. Category scaling is similar 
to magnitude estimation save that the set of numbers which can be used is restricted, 


produce logarithmic functions, or functions of intermediate form, but not the power 
functions given by the direct methods (Stevens and Galanter, 1957; Torgerson, 1960 
Galanter and Messick, 1961). 

This finding is embarrassing for proponents of the power function, who suppos 
that in category scaling the subject is attempting to divide the S, scale into equal 
intervals. It leads Stevens (19604) to the conclusion that "observers are so coi 
stituted that they are unable to partition a prothetic continuum without a systematic 
bias.” He attributes this bias to variation in the subject's sensitivity to differences 
"Near the lower end of the scale where discrimination is good the categories tend to 
be narrow.... Near the upper end, where a given stimulus difference is less easy 
to detect, the categories broaden." Two related reasons are given for this: the 
subject fails to reproduce the power function “for the basic reason that his ability 
to tell one magnitude from another varies over the scale and affects the width of his 
categories. Since he can easily tell 0-5 sec. from 1-0 sec. he tends to put them in 
different categories; since he can only with difficulty tell 3-5 sec. from 4-0 sec. he 
tends to put them in the same category" (Stevens, 1957), or because “a given 
difference at the low end of the scale is more noticeable or impressive than the same 
difference at the high end of the scale" (Stevens, 19594). 4 

There are difficulties with each version of this explanation. No reason is given 


corresponds to closer spacing, on a discrimination (logarithmic) scale, for strong 
stimuli than for weak. But if the di epancy between the category scale and powe! 
function is a consequence of stimulus spacing, then varying the spacing should. 
affect the discrepancy. The more the weak stimuli are separated and the strong 
stimuli bunched together the greater it should be, but if the stimuli are equally spaced. 
on a discrimination scale it should disappear. But Stevens and Galanter (1957) 
found that the disparity was most marked when the stimuli were logarithmically 
spaced, and that it was reduced by bunching the strong stimuli. 
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An experiment by Torgerson (1960) further illustrates the difficulty of this 
explanation Using the methods of category scaling and magnitude estimation, his 


A different explanation is suggested if the log functión model is taken with the 
“sensory learning" hypothesis (Treisman, 1960) In magnitude estimation the 


tially 

S, Though subjects may find this procedure difficult, and some cannot do it at all 
(Stevens, 1956), the partition procedures present arl even more complex requirement. 
In these the subject must select the series of decreasing intervals on S, which will, 
when exponentially transformed, give equal intervals in terms of the required power 
function of J. “If this task is too difficult for the subject he might 

intervals on S, instead, or he might fail to make the . 
If mean category assignments are plotted against the former case grould 
give a logarithmic function, and the latter a function of intermediat 
is often found. 

Some sup for this explanation is provided by a recent experiment in which 
loudness was scaled by magnitude estimation and category scaling and the usual 
nonlinear relation between the two functions was found (Galanter and Messick, 
rures ole iem ani rang tn ical e 
intervals the experimenters ined a i 
tude scafe, and they found that the category widths determined by this method 


i 
: 


l 


"the two. This explanation appears implausible. It is unlikely that it would be 
derived or accepted if the power function model were adopted. This suggests that 
the log function model is likely to prove more useful in providing explanations 
making predictions. 


For a dimension such as loudness three different functions are given by dis- 
criminability scaling, category scaling, and the direct methods. But this is not trie 
for pitch: here all three types of procedure give the same function. Scales of the 
former sort are called “prothetic,” and the latter “metathetic (Stevens, 1957, 
19594, 1961). The explanation given for this is that "it seems evident that the 
existence of two basic kinds of physiological mechanisms is reflected in the behavior 
of the psychological scales" (Stevens, 19608), these being "additive" and “substi- 
tutive" neural processes. Neural coding is probably more complex than this suggests 
(Wever, 1949; Licklider, 1959), but even if a consistent physiological difference 
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between the two types of dimension were found this would not in itself explain the 
different relation between the procedures applied and the scales derived in the two 
cases. : 

It was suggested that the need to relate sensory information from different 
sources would make subjects learn to transform their initial measure of loudness, 
Sz, into a final measure, R, linearly related to the distance of the sound-source. 
But dimensions not simply and reliably related to an important physical attribute, 
nor subject to additive operations, would not be acted on by environmental pressures 
tending to reward some particular transformation of 5,, and so, we may assume, in 
these cases none would be léarnt. Asked to estimate magnitudes on such a dimension 
the subject would use the simplest transformation of S,, R — S;, to determine his 
responses, and for category scaling he would use equal intervals on Sy. The scales 
derived by both these methods would, therefore, coincide with that given by 
cumulating j.n.d.'s. Pitch might be expected to be a dimension of this sort, as also 
dimensions for which there is no Simple corresponding physical stimulus. This last 
expectation receives some confirmation from an experiment in which the aesthetic 
value of specimens of handwriting was scaled by a procedure using ratio estimations, 
and by tke method of paired comparisons, and a linear relation was found between 
the resulting “direct” and “discriminability” scales (Ekman and Kuennapas, 1960). 

This explanation could be expressed in terms of S,. If equation (4) is applied 
to j.n.d.'s a power function should be given, to the extent that Weber's law holds. 
But oi the metathetic continua conventional scaling of fractionation and magnitude 
estimation data gives not this curve but, instead, the cumulated j.n.d. function. 
This would imply that in magnitude estimation R is a logarithmic function of S,, 
and we would have to describe this as the “simple” relation occurring in the absence 
of environmental pressure. This is far less plausible than when S, is used as the 
basis of explanation. 


CONCLUSION 


A number of problems in scaling theory have been reviewed. A simple model 
of the psychophysical judgement process was presented, the subject's performance 
being likened to that of a computer in which an initial stage of measurement, followed. 
by a subsequent calculation, determine a reliable relation between input and output. 
The observed relation between the responses and the stimuli can be expressed as 
S = f(I), R = g(S), where S is an inferred measure of the central effect of the 
stimulus, and the two functions can be treated as descriptions of the successive stages 
of measurement and computation. In terms of this simple model the conflict © 
between the log and power functions is not a matter of substance but of definition; 
any scaling procedure which appears to give one could equally well be interpreted as 
giving the other. A more elaborate model was then developed in which alternative 
versions, which differed in their empirical implications, could be derived by making 
S a logarithmic or power function of 7. Taken with the "sensory learning hypothesis" 
this model suggested explanations for the disparity between the results of the direct 
and partition procedures, and for the difference between prothetic and metathetic 
continua; these seemed plausible when expressed in terms of the log function but 
arbitrary and implausible if the power function were used. This suggests that the 
log function model may prove the more useful. 
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THE EFFECT OF INSTRUCTIONS ON THE JUDGEMENT OF 
BRIGHTNESS 


BY 
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. 

A brightness constancy experiment using ten subjects showed that different instructions 
significantly affect the subject’s PSE judgement. Variations in the reflectance of the 
standard target and in the background and illumination of the variable target did not 
influence the effect of different instructions. The use of the D-ratio as constancy indéx 
in this study confirms an earlier theoretical finding that other brightness constancy 
ratios introduce an artefact into experimental results, 

E 


. 


. INTRODUCTION 

The response of subjects in the performance of a perceptual task is to sdme extent 
determined by the verbal instructions given. The common view seems to be that 
instructions serve to induce "analytic" or "object-directed" viewing “attitudes” 
which considerably affect the perceptual behaviour of the observer. A study,of the 
importance of the instruction stimulus in brightness constancy has been reported 
by Henneman (1935). Earlier investigations on the effect of instructions and , 
"induced set" on the degree of other constancies were made, amongst others, by 
Thouless (1932) and Klimpfinger (1933). 3 

Henneman (1935), who reported his results in terms of the E-ratio, an adaptation 
of the Thouless ratio, found that brightness constancy changed significantly in the 
majority of his subjects according to the type of instructions given. In a recent 
paper, Landauer (1962) argued that neither the Brunswik nor the Thouless ratio are 
applicable in comparative studies of brightness constancy, and that the D-ratio, or 
any other measure developed on the same principle, appears to be the only legitimate 
method to report and compare experimental findings. Similar views have been 
expressed by Leibowitz (1956) and McDonald (1962). 


The D-ratio is the ratio of the product of incident light and reflectance for the standard 
‘to the same product for the variable at the PSE. Reflectances are expressed in terms 
of the Munsell value scale and are obtained from the table developed by Newhall, 
Nickerson and Judd (1943). These range from absolute white (Munsell value 10) to 
absolute black (Munsell value 0). The amount of incident light is expressed as a percentage 
of a fixed, arbitrary constant and it is not necessary to convert this into any of the 
standard illumination measuring units. o 

To compute the D-ratio the reflectance values of the standard and of the variable at 
the PSE are empirically determined. If adjustable revolving black and white discs are 
used as stimuli, only the reflectance of these discs needs to be empirically determined and 
the reflectance of the experimental settings can then be calculated. The reflectance 
value of each stimulus is multiplied by the amount of incident light to obtain the 
luminance value of each stimulus. The D-ratio is then determined by dividing the 
luminance of the variable by the luminance of the standard. — X 4 

The D-ratio permits comparison between various experimental conditions, this 
when either the Brunswik or the Thouless ratio is used. For 
nstancy situation where the difference between the levels of 
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Brunswik and Thouless ratios, using the data of Hsia (1943) shows that they are perfectly 
correlated, provided that the measured physical conditions from which the ratios have 
been computed have a constant relationship. Thus the two ratios will be perfectly 
correlated when the illumination of the standard and the illumination of the variable 
are in constant relationship. If, however, this relationship is changed, neither the 
Brunswik nor the Thouless ratios represent the same scale. 

When the Brunswik or the Thouless ratio is zero there is no constancy and when 
these ratios are unity there is perfect constancy. In the D-ratio the greatest departure 
from unity occurs when there is a large difference between the luminance of the standard 
and of the variable. When there is little difference the ratio will approximate unity, 
and at perfect luminance equality (zero constancy) the ratio will be unity. Except in 
cases of "'over-constancy'"' the older ratios can never exceed unity, while the D-ratio in 
instances of extreme differences in the levels of illumination and where ‘‘constancy” is 
shown, departs from unity and shows, moreover, a wider spread of scores. Such a 
departure from unity is in the D-ratio always a function of the ratio of the levels of 
illumination of the standard and the variable. In cases where the standard has the higher 
level of illumination, the value of the D-ratio at “complete constancy” is equal to the 
ratio of the levels of illumination pertaining on the standard and the variable. In cases 
where the standard has the higher level of illumination, the D-ratio at complete constancy 
is the reciprocal of the ratio of the levels of illumination of the two targets. Provisions 
can be made in the computation of the D-ratio for differences in the viewing distance of 
the stimulj and for equating different j.n.d. levels of luminance. However, as far as the 
application of the D-ratio is concerned, its main advantage lies in the fact that it permits 
the comparison of data of experiments in which the relationship of illumination conditions 
between the stimuli is varied. 

Tn the absence of any reliable method of assessing subjective states such as “perceptual 
attitude” or "induced set," it is preferred here to observe perceptual behaviour as à 
function of the instructions given, without speculating on the nature of these states. 

It is well known that in making brightness matches an observer seldom achieves 
physical luminance equality between standard and variable. This discrepancy between 
physical and subjective equality derives from a number of factors which include adapta- 
tion, contrast effects, the tendency towards brightness constancy as well as the effect of 
Lu on judgement. It is with this latter determinant that this study is mainly 
concerned. 
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A number of tentative hypotheses have been advanced suggesting various causes 
for the effect of the instruction stimulus. The most common determinant mentioned 
is the “familiarity” of the observer with the stimulus. The familiarity factor derives 
largely from the memory colour hypothesis of Hering (1874) and, it has been 
conclusively shown by numerous studies (cf. Duncker, 1939) that brightness constancy 
is increased in the PSE judgement if the subject "believes" that he is looking at a 
familiar object whose reflectance he “knows.” 

If, however, unfamiliar and relatively meaningless stimuli are presented to the 
subjects, and instructions only are varied, an explanation in terms of previous 
knowledge of the reflectance of the stimulus cannot be applied. Since Henneman’s 
(1935) results are not very convincing and are, moreover, questionable in terms of 
the constancy index used, it was decided to perform an experiment in which not only 
instructions, but also such stimulus properties as reflectance of the standard target, 
differences in the levels of illumination between the standard and the variable target, 
and differences in the reflectance and hue of the background of the standard 
target, were systematically varied. These variables were investigated since it seemed 
reasonable to suppose that instructions would significantly modify the subject's 
response, and that this effect would be independent of any other stimulus properties - 
Which were varied. That is, the "attitudinal" state induced by instructions would - 
operate irrespective of any variations in stimulus properties which were introduced. 
Such independence would be revealed by the absence of any significant interaction 
between instructions and other stimulus properties. 1 
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APPARATUS 


A rectangular hardboard box was divided into two equal lightproof compartments, 
each of which was 88-5 cm. long, 47:2 cm. high and 45:8 cm. wide. The interior of each 
compartment, except the lids and rear walls, were covered with glossy white paper. 
The rear wall of the compartment on the subject's left (the standard target side) was 
covered with white cardboard of 90:5 per cent. reflectance, and on the rear wall of the 
compartment on the subject's right (the variable target side) provisions were made to 
attach cardboard backgrounds of different reflectances and hues. 

Through the rear wall of the box the shafts of two electrically-driven colour mixers 
protruded 5 cm. into each compartment. Cardboard discs of a diameter of 20:5 cm. 
could be mounted on both shafts which were slanted at an angle of 15° upwards from the 
true horizontal. The rotation and the angular presentation'of the targets was introduced 
in order to give a textureless "aperture colour" effect. The variable colour mixer on 
the right permitted the relationship between two interlocking cardboard discs to be 
changed by the experimenter while the discs were rotating. The angle of the sectars 
of the interlocking discs could be read from a tial. Discs of different reflectances were 
used on the standard target and these were made from black and white cardboard having 
a reflectance of 90-5 and 2:5 per cent. respectively, The same cardboards were used 
to make the interlocking discs of the variable target. 

A pair of viewing tubes was affixed to the front wall of the box; one leading into 
each compartment. These tubes were ro cm. long, had a diameter of 25:5 mm., and each 
was set at 12:5? outwards. This arrangement gave a clear view of the targets and of a 
part of the rear walls, the standard through the left tube and the variable through the 
right. The interior of the compartments were not visible to the subject. An artifici 
pupil with a diameter of 2:5 mm. was placed in each tube 5 mm. from the eyf. Eye 
pieces were mounted on the viewing tubes to prevent the entry of stray light. é 

The diameter of each viewing tube aperture could be reduced to 11 mm. (reStricted 
viewing condition) or closed by means of a pair of sliders which were affixed to the inside 
front wall of the box. The visual angle of the targets and their surround was 14'2° ©, 
under normal viewing (diameter of the viewing tubes), and 5:1^ when part of the target 
only was seen under restricted viewing. The distance from the centre of the targets to 
the eyes was 93:7 cm. TM 

A frosted 200-watt incandescent globe provided the illumination for each compart- 
ment. The globes were situated in a housing on top of the box and an iris diaphragm 
with a maximum aperture of 24 mm. controlled the amount of light entering each 
compartment. The maximum aperture of the diaphragm was arbitrarily fixed as unity 
for illumination. The apparatus was placed on a table with the viewing tubes at eye 
level for a seated subject. 


E SuBJECTS 


A total of ro male and female staff members or senior students of the Department of 
Psychology served as subjects. Three subjects had corrected vision but did not wear 
s glasses during the observations. 


INSTRUCTIONS 
a Two sets of instructions were recorded on tape. Since these represent the principal 
variable in this study they are given in full. i ; 

Instructions 1: "Tt is eae important that you follow the instructions exactly. 
Presently you will see through those viewing tubes in front of you two patches of grey 
colour. I can adjust the right patch to exactly the same shade as you tell me. As you 
know, grey is a mixture of black and white, and as I keep on adjusting the shade of grey 
you just tell me either ‘b! acker’ or ‘whiter,’ as the case may be, and tell me when the two 
shades are exactly alike. I want you to consider only the greyness, the amount of black 
and white, in the two blotches of grey and disregard the illumination. Remember, a 
white object is white even if it is in the shade, and a black object is black, even if it is 
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After you have made your judgement the tubes will be blacked out till a new shade 
matching is to be made. Try not to move around during the actual matching and make 
your judgement as fast as you can.” i 

Instructions 2: "It is extremely important that you follow the instructions exactly; 
Presently you will see through those viewing tubes in front of you two patches of grey. 
I can adjust the right patch to exactly the same shade as you tell me. You know that 
the brightness of an object depends upon the amount of light and its colour, and that the 
greys which you will see are a mixture of light and dark just as much as they are of P 
black and white. For instance on a photograph a light grey in the shade looks darker 
than a dark grey which is in the light. As I keep on adjusting the shade of grey I want ^ 
you to tell me either ‘darker’ or ‘lighter,’ as the case may be, and tell me when the two _ 
shades look exactly alike. You will find it easier when making your judgement if you 
go first past the point of equality and then tell me to go back, and by going forward and 
backwards a few times reach the point in which you get the best match. I shall show 
you exactly what I mean. Please look now through the tubes. The two patches of 
gréy are exactly alike. Now I am decreasing the amount of light on the right side, 
Obviously the right side looks darker now. So I am now putting more white into the 
mixture. This approximately will make the right side again equal to the other side; 
they have the same brightness as before. After you have made your judgement the 
tubes will be darkened till a new shade matching is to be made. Try not to move around 
during the actual matching and make your judgement as fast as you can.” " 

Before each trial the subjects were given either of the following reminders: 
Instructions 1: "Don’t forget, you have to match the shades of grey only and disregard. 
the illumination." Instructions 2: “Don’t forget you have to match the patches of grey 
for theis brightness, accounting both for their greyness and illumination." 


9 EXPERIMENTAL PROCEDURE ] 


The standard target side was always presented with full illumination and under t 
restricted (reduced) viewing condition, i.e. it appeared against a black surround. The ` 
following conditions were systematically varied: 1 

A. Instructions: Either instructions 1 or instructions 2 were given to the subject at — 


the beginning of each session. While the instructions were played to the subject the - 
demonstrations implied in them were given. 


B. Reflectance of Standard Target: In any one session the standard target had either 
a reflectance of 20, Io or 5 per cent. { 


~ C. Illumination of the Variable Target Compartment: In each session both levels of 
illumination of the variable target compartment were used. This was either 50 or 25 per 
cent. of the level of illumination obtaining in the standard target compartment. [ 
D. Surround of the Variable Target: In each session all four of the following surrounds - 
were used: r 
(i) white, reflectance go-5 per cent. ; 
(ii) red, reflectance 16 per cent. at 670 my; à 
(iii) blue, reflectance 16 per cent. at 460 my; 
(iv) restricted viewing, i.e. with only part of the variable seen against a black surround. | 
Under all conditions the dependent variable was the setting which the subject directed 
the experimenter to make on the variable colour mixer. | 
Each subject attended six sessions held on different days. The order of the sessions — 
was randomized over the two different sets of instructions and over the three levels of | 
reflectance of the standard target. Each session consisted of eight trials in which the . 
subject was presented in random order with each of the four viewing conditions at each 
of the two levels of illumination. Each trial consisted of three matching judgements 


which were made consecutively both in ascending (from black to white) and descending 
order. The observations took place in a room lit by fluorescent light: each session lasted 
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RESULTS AND DISCUSSION 
TABLE I 


Probability 


Instructions <a ia ax 8-8726 | 848726 | 1108 | 0005 < P < 001 


1 
Error for Instructions es T 72049 9 o-Boos | 
Reflectance of Standard Targe e| 230945 2 | 115474 | 766 | 0001 < f < 0004 
Error for Reflectance +s e] 27714 18 15083 
Hllumination of the Variable Target 

Compartment v E ..| 106803 1 10-6805 | 2848 poo 
Error for Illumination ms es y35 9 03750 
Surround of the Variable Target .. | 277453 3 Qa4B4 | 1863 $ ooo 
Error for Surround .. dle .. | 134051 | 27 04965 V 
Interaction: Reflectance X Surround | 13:3045 | « © 2:2174 | 10°69 p < oor 


Error for Interaction: Reflectance x 

Surround  .. $a -- sš 
Interaction: Illumination x Surround 77112 
Error for Interaction: Illumination x 


2:5704 22312 $< ooo! 


Surround . ` i 3:1387 | 27 ©1162 
Residual.. " - T .. | 12270395 | 319 
Total s- oe v. .. | 278-9263 | 479 


e 


An analysis of variance of the data is summarized in Table I. To obtain the 
greatest amount of information from the data it was decided not to pool interactions, 
but for reasons of parsimony only the significant effects and their respective error - 
terms are reported here. A probability level of less than 5 per cent. ($ < 0-05) 
was arbitrarily fixed as a significant difference level. The error term in all 


- F-ratios was the variance estimate of the next highest interaction effect involving 


subjects? 


A. Instructions: For all subjects and under all conditions the mean D-ratio of 
the PSE judgement was 1:236 with instructions I, and 1-507 with instructions 2. 


„its level of illumination. 


B. Reflectance of Standard Target: For all subjects and under all conditions the 
mean D-ratio of the PSE judgement was 1-092 when the reflectance of the standard 
target was 20 per cent., 1-395 when the reflectance of the standard target was 
IO per cent., and 1-628 when the reflectance of the standard target was 5 per cent. 
The difference between the mean response given to targets with a reflectance of 
20 per cent. and either 10 or 5 per cent. was significant. (An adaptation of Lindquist’s 
(1953) formula 20 was used to determine the significance of differences when more 


C. Illumination of the Variable Target Compartment: For all subjects and under 


e all conditions the mean D-ratio of the PSE judgement was 1:52T when the level of 


z t. 
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illumination of the variable target compartment was 50 per cent., and 1-222 wi 
the level of illumination of the variable target compartment was 25 per cent. This 
highly significant difference is contrary to Hsia's (1943) finding that brightness. 
constancy is increased as the absolute difference in illumination between the two 
targets is increased. It confirms Leibowitz's (1956) assumption that Hsia's finding 
is due to an artefact of the ratio which he used. The significant interaction between 
the level of illumination and surround of the variable target is due to the fact that 
when the surround of both the standard and the variable target become equal, à 
judgement close to physical equality is given. That is, that little constancy is 
manifested. . 


D. Surround of the Variable Target: For all subjects and under all conditions 
the mean D-ratio of the PSE judgement was 1-770 when the variable was matched 
against a white surround, 1-347 against’a red surround, 1-214 against a blue surround 
of equal reflectance to that of the red, and 1-155 against a black surround. The 
mean match made against a white surround is significantly different to the match 
made against other backgrounds. A significant difference occurs between the mean 
matches made against a red surround and similar judgements with a black surround. 
No significant difference, however, occurs between blue and black surrounds. The 
mean D-ratio made with the red surround tended to be greater than that with a 
blue surround of equal reflectance. This difference, however, was not significant. 
It appears therefore that the two colours should have been equated for phenomenal 
rather than for physical reflectance. A similar finding has been reported by 
Graham (1959) who found that red and yellow hues seem to have a brightening effect, 
while greens and blues seem to have a darkening effect. 


CONCLUSION 


This study has clearly confirmed that, under the experimental conditions detailed, 
brightness matches are determined, inter alia, by (1) the instructions given tc the 
subject; (2) the relation of a target's reflectance to the reflectance of its surround; 
and (3) the difference in the levels of illumination of the two surfaces which are 
Compared. The use of the D-ratio has confirmed Leibowitz's (1956) theoretical 
argument that the paradoxical findings of Hsia (1943) are due to an artefact of the 
ratio employed. 4 
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A serial task was used in which the possibility of making related valid and fallacious 
inferences was alternated over a series of trials. The hypothesis was investigated that 
if valid inferences are forced to contradict previously made fallacious inferences, then 
subsequent fallacious inferences will be withheld. The results showed that self-contra- 
diction tended to extinguish fallacious inferences in an all-or-none manner without 
affecting valid inferences. 


2 INTRODUCTION 


In deductive reasoning a valid inference follows necessarily from its premises, 
le. it would be inconsistent to assert the premises and deny the inference. A 
fallacious inference is an invalid inference which has the appearance of validity. 
An individual who commits a fallacy is being deceived into accepting a conclusion 
which merely looks correct. For example, an individual presented with the state- 
ment, "all A are B" might suppose that “all B are A” follows from it. On the other 
hand, this mistake would not be made if a statement of the same form had been used 
to express a known fact, e.g. “all monkeys are animals." The abstract nature of 
the material about which inferences are made is one variable which affects the 
tendency to reason fallaciously (Wilkins, 1928); another is the emotive quality of 
the material (Lefford, 1946). The aim of the present investigation, is to make the 
individual aware of his deception by forcing valid inferences to be inconsistent with 
previously made fallacious inferences in a serial task. This obliges the individual 
to contradict himself. The hypothesis is investigated that this self-contradiction 
reduces the tendency to make further fallacious inferences of the same type. 


METHOD 
The fallacies ‘and the tasks 


An attempt was made to induce two logically equivalent fallacies connected with 
conditional statements. In order to explain them the logic of conditionals will be briefly 
discussed. A statement in the form “if p then q” is false only in the case in which the 
antecedent p is true and the consequent q is false. If this conditional statement is true, 
it follows that (i) if p is true, then q must be true, and (ii) if q is false, then p must be 
false. However, to deny the antecedent, i.e. to infer that if p is false, then q must be 
false, or to affirm the consequent, i.e. to infer that if q is true, then p must be true, is to 
be guilty of a fallacious inference. 

Two tasks were used: an “antecedent task," designed to induce the denial of the 
antecedent ("if not-p then not-q"), and a “consequent task," designed to induce the 
affirmation of the consequent (“if q then p"). The following incomplete rules were used 
in the antecedent and consequent tasks respectively: 

"Any employee aged 34 years, or more, will receive a salary of at least £ a year.” 
“Any employee aged —— years, or more, will receive a salary of at least £1,900 a year.” 
In the antecedent task it would be valid to infer that the “critical salary,” i.e. the 
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under 34. In the consequent task it would be valid to infer that the "critical age," 
i.e. the age omitted in the rule, must be more than that of any employee receiving less than 
£1,900, but fallacious to infer that it could not be more than that of any employee receiving 
at least £1,900. 

The incomplete rule for the antecedent, or the consequent task, was presented, followed 
by the ages and salaries of ten hypothetical employees, making a series of ten trials. 
These particulars allowed valid inferences on the odd numbered trials and fallacious 
inferences on the even numbered trials. At each trial the subjects were required either 
to make, or withhold, a deductive inference about the possible limits of the critical salary 
(age), and then state their current estimate of it. The estimates were intended to motivate 
the subjects and provide a check on the inferences. 


Design 

Sixty subjects (psychology undergraduates) were allocated at random before the 
experiment started to four groups: an experimental and a control group for each task. 
Inconsistency between fallacious and valid infer&nces was introduced in the experimental 
groups, but not in the control groups. In the antecedent task control group the salaries 
received by employees over 34 are all higher than the galaries received by employees under 
34. It follows that successive valid and fallacious inferences about the limits of the 
Critical salary are not forced to contradict each other. In the experimental group, 
however, the first four trials are the same as those in the control group, but thereafter 
the salaries given decrease successively. For example, on trial 4 an employte aged 24 
receives £1,800, but on trial 5 an employee aged 37 receives £1,600. Hence the valid 
inference on trial 5, that the critical salary could not be more than /1,600, is inconsistent 
with the fallacious inference on trial 4 that the critical salary must be more than 71,800. 
But on trial 6 an employee aged 25 receives £1,500. The fallacious inference on this 
trial is consistent with the valid inference on trial 5. Thus the valid inferences on trials 
5, 7 and 9 are forced to be inconsistent with the fallacious inferences which precede them, 
but are consistent with the fallacious inferences which succeed them. In the consequent 
task the particulars given in the control group are similarly arranged so that valid and 
fallacious inferences are consistent. In the experimental group inconsistency is again 
introduced on trial 5. For example, on trial 4 an employee receiving £2,300 is aged 35, 
but on trial 5 an employee receiving £1,500 is aged 37- The valid inference on trial 5» 
that the critical age must be more than 37, contradicts the fallacious inference on trial 4 
that,the critical age could not be more than 35. On the remaining trials the pattern of 
consistent and inconsistent inferences follows that in the antecedent task. 


given trial. In the consequent task the corresponding types of question were: “Could x 
be over the critical age?” dnd “Could x be under the critical age?" (where x = the age of an 
employee on any given trial). A negative answer to these modal questions indicates that 

*an inference has been made. Such an answer rules out one of two possibilities, either 
(i) that a given salary (age) is less than the critical salary (age), or (ii) that it is more than 
the critical salary (age). An affirmative answer, on the other hand, is consistent with 
the truth of either possibility. Hence it is the correct answer when the information 
allows a fallacious inference: it constitutes a refusal to make one. 


Procedure 
Subjects were tested individually and instructed as follows: This is a reasoning task 
which I want you to think about carefully. i 3 
In a certain organization the following rule held without exception: (here the rule for 
the appropriate task was given). Your task is to try to find out the critical salary (age) 
in the vule. I shall show you the ages and salaries of a number of employees in the 
organization, one at a time. After examining the particulars of each, you will answer 
ae questions about the critical salary (age), E then write down your estimate of it. 
ou wi imed. Have you any questions : A 
" The D ird on * card idu of the subject, and then the particulars of 
the first trial, and the two questions, were presented on a slip of paper. If the subject 
failed to answer the relevant question correctly, i.e. failed to make a valid inference, his 
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response was queried by the experimenter who waited until the correct answer was gi 
This procedure was carried out only on the first trial, After the subject had reco 
his estimate, the lars of the second trial were presented, those of the first r fut 
on the table in front of the subject, When the second trial had been completed, t 
particulars of the first were removed, and those of the third ted. This proced 
continued throughout the remaining trials. Thus after the first trial the subjects 
able to consult the particulars, the answers and the estimates of each immedia: 
preceding trial. The subjects were allowed to make notes on rough paper provided, b 
were not allowed, of course, to correct their responses to any previous trial. 


RESULTS 
„ The estimates of the critical salary and the critical age were consistent with 
inferences (whether valid or fallacious) on 412 out of a possible 419 trials. Th 
Suggests that, regardless of whether the subjects were reasoning fallaciously, th 
were not random in their behaviour. On the remaining 181 trials inferences we 
withheld. 
Initial susceptibility to fallacious inference 
The criterion for initial Susceptibility to making the fallacies was the occurrend 
of fallacious inferences on trials 2 and 4. (Twenty-seven out of the thirty subject 
classified as not susceptible, withheld fallacious inferences on both these trial 
In the cepa task ten out of thirty subjects were susceptible, and in th 
consequent twenty out of thirty subjects were susceptible. These frequencie 
differ significantly from the expected ones (x? = 5-4, p < 0-025, two tail test) anf 
indicate that the affirmation of the consequent is a much more deceptive falla 
than the denial of the antecedent. 


Effects of self-contradiction 


had withheld such an inference, they never succumbed to making one again. e 
differences between the distributions of the experimental and control groups withi 


is clear that the effects of self-contradiction are similar in both. When the S values 
era variances of the tasks are combined, the chance probability of a difference = 

Four subjects failed to make valid inferences on subsequent trials, one failing on 
three trials, and three failing on a single trial. Only one of these subjects was in an 


1 


Tee EFFECT OF SELF-CONTRADICTION ES] 


TABLE 1 


Nuwsrm or Semjmcrs, Derrtatty SOSCEFTIBAR TO MAKING Fariacsoce lereszecea, 

WHO RESIST MAKING SUBSEQUENT Paitactous wrrazwcks AT Dorresext Staces oF 

rus Tasks, OR MAKE THE Maximum Numsen or Patiacsous INFERENCES, Le MAKE NO 
Comarer 


6th Trial 
Sth Trial 
10th Trial 
No correction .. 


Discussion 


In this exploratory experiment the attempt was made to induce fallacioms 
inferences initially by using tasks which embodied a familiar situation: a positive 
correlation between age and salary. It is a plausible inference (other things 


being 
than younger ones. This inference, 


reasoning has been proposed by Chapman and Chapman (1959). 


Jn the experimental groups self 


occurs when a valid inference is 


forced to be inconsistent with previously made fallacious inferences. The results 


withheld. ‘This suggests that inconsistency allowed the subjects to gain insight into 
the fallaciousness of their reasoning, rather than weakened the response associated 
with making a fallacious inference. In addition, it is clear that the effects of 
„inconsistency tend either to work when it is first introduced, or not at all In the 


susceptible to making fallacious 


~ combined experimental groups eight of the fourteen subjects (57-2 per cent.) initially 


on which the effects of inconsistency could be felt), compared with two out of sixteen 
subjects (12:5 per cent.) in the combined control groups. Bat on subsequent trials 
ENS 4 ^ 


two out of fourteen 14:3 per cent.) in the control groups. 3 
out of fourteen (143 P! sli-contradiction can be used to extinguish fallacious 


inferences, and it y does so by creating a reductio ad absurdum to remind 
ces, and it presumabl 


the individual that he has inferred a 


which does not necessarily follow. 


But it is worth noting that a fallacious inference is a special kind of error. It is 
not analogous to a conceptual mistake in mathematics, for it is mot necessarily the 
result of using a rule wrongly. Rules of reasoning are not taught as part of general 
education, ner are deductions about past events coded into an explicit system 


future reference. Hence, whether the present 


method of correcting error has any 
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generality, and whether it has any advantages over didactic correction (e.g. 
“teaching machines”) is a matter for future research. 


Grateful acknowledgements are due to Dr. N. F. Dixon and Dr. Sheila Jones, both’ 
whom read the manuscript, and offered invaluable critical comments, and to the M 
Research Council for a grant for scientific assistance. 
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ON THE RESOLUTION OF SMALL TIME INTERVALS AND 
THE EFFECT OF CONDUCTION DELAYS ON THE 
JUDGEMENT OF SIMULTANEITY * 


BY 


A. M. HALLIDAY and ROSEMARY MINGAYt 


From the Medical Research Council, Institute of Neurology, National Hospital, 
Queen Square, London, W.C.1 


In the course of experiments on the cerébral evoked potential, recorded by a 
summation technique through the scalp, it was possible to measure directly the latency 
of the potential due to afferent conduction time. In £wo subjects Sprea following 
electrical stimulation of the toes was found to occur approximately 20 
that following stimulation of the fingers. Using similar stimuli to finger and toe, parallel 
experiments have been carried out to determine whether there is any corresponding error 

The same subjects were presented with pairs of stimuli at a series of intervals up to 
100 millisec. and made judgements as to they occurred at the same tima, or if 
not, which was first. A control situation, in which the stimuli were given to two 
index fingers, was compared with the experimental situation, in stimuk were 
presented to finger and toe on opposite sides, The results showed a significant difference 
in the mean interval at which the two stimuli were jud simultaneous when the 
conduction pathways were of unequal length, and this di e was in the direction 
expected should the judgement of simultaneity depend on the simultaneous arrival of 


in the other subject the point of norm simultaneity in the control situation, in which 
stimuli were given to the right and left i not 
of true simultaneity, as would be expected with conduction pathways of air eem 


judged on the time of their central arrival rather than on the time their occurrence at 
the periphery, judgements may be affected by factors other than conduction delays. 
. 


INTRODUCTION i 
Using the summation technique devised by Dawson (1954) it is possible to record 


„the response evoked in the cerebral cortex of a conscious human subject by an 


of stimulation to the cortex. E A 
Examination of this latency in two subjects showed that for a similar electrical 


stimulus given to the hand and the foot, the onset of the first surface positive com- 
ponent of the cortical evoked potential occurred approximately 20 millisec. later 
following stimulation of the foot than following the hand stimulus. Thus the 
incoming sensory volley arrives at the cortex appreciably later when it has to traverse 
the longer afferent pathway. ; 

Ld Based given to the E.P.S. in January, 1961. 

1 Present adres: Tha Psychological Laboratory, Cambridge. 
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It appeared that further study of this situation might throw some light on th 
nature of the central perceptual mechanisms, If the perception of the time 
occurrence of a stimulus depends on the arrival of the sensory volley at se 
particular part of the central nervous system in or near the cortex, and the vo 
from the foot takes approximately 20 millisec. longer, there appear to be two po 
bilities, viz. (a) that the stimuli are judged as together when the volleys n 
together centrally, and that in truly simultaneous stimuli, the foot stimulus will li 
judged slightly later in time than the hand stimulus; or (5) that the central mechani 
make allowance for the longer conduction times in the case of impulses from f 
away, and judge as simultaheous stimuli which actually arrive centrally separated by 
the appropriate interval. The latter alternative might be expected, for instana 
if simultaneity were a learned concept, a particular temporal pattern of inc 
impulses being associated with stimulus simultaneity. . 

The method adopted to investigate this problem was to give pairs of simila 


steps, the subject in each case having to report whether the stimuli were together 
in time, or, if not, which was first. The two stimuli were given to the finger and tq 
on opposite sides of the body and a control situation was introduced in which 
Stimuli were given to the two index 

It predicted that, if the two stimuli were judged as simultaneous only whe 
the arrived at the cortex together, apparent simultaneity would not coinci ce 


, not about true stimulus 
corresponding to simultaneous cortical potentials. 
METHOD 

ptishdiontél deci 
The control situation (in which the two stimuli were given to the index 
compe situation (stimulation of index finger 

right handed. For the exper 
were or i 
toe were used for the first subject; the 
su 


presente order. anticipated 
in their judgements with this method of Treta 


"P = 


" 
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The subject was told before cach run whether the intervals were Vo be given 
Ee. He was instructed to respond. "Right Kev," “Lett fot” oe “Together,” 
was allowed to give doubtful judgements in any of these catagorie. 


means of condenser discharges (time comam 4-20 pen). 

by a two-channel thyratron étimalator and was similar to (hal enn] in recondting 
cerebral evoked potentials, The thruagh a siver dsm ehm 

BUM with collodion to the pad of the Index dagur or ennad iog f 

A silver ring electrode, the same 

genie isolating transformer eases eed ty « ata dday gu 


- described by Pitman (1958). The particular unit employed the sumali 
simultaneously or at any interval of 9 iiec ot a multiple thereof, each 
being accurately t to within o ter 

Sensory thresholds were determined at the of each daily semen. 
method of limits. The strengths of the stimuli were doubled, and if 
thought one stimulus was stronger than the one was adjerted watt t 
subjectively equal. Subjects the as somewhat like à towch; 

discrete in time, and did not the instant of tbe stimulus pulse, 


i 
1 
i 
H 


| 

| 

: 

i 
il 
i 
if 

F t ' 


4H 
T 


stimuli randomly presented, however, the resolution of 
les accurate; and both the number and distribution of 
and incorrect order judgements were greater (Figs. 3a 
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For Subject II the “together” judgements are distributed approximately equally 
on either side of true simultaneity, as was to be expected in the control situation 
(Figs. 2a and 4a). This is not the case, however, with Subject I, whose "together? 
judgements were made more often when the left stimulus preceded the right. This 
trend was significant in both sequential (P < 0-001) and random ( < 0'01) presen 
tations (Figs. ra and 3a). (Calculated from £ tests on the differences between the 


FIGURE 1 
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Distribution of responses given b 
interval shown on the abscissa. P 
Were presented sequentially in 1 (a) for 
fingers) and in x (b) for the experimenta 
second toe). 


y Subject I to pairs of stimuli with the interstimulus 

ooled results of the ten runs in which the intervals 

the control situation (stimuli to left and right index. 
l situation (stimuli to left index finger and right 


H Stimuli judged together 


L] Order judged correctly 
IN Order judged incorrectly 


discrepancy cannot, therefore 
left index finger. 


In both subjects, the resolution of the order of the two stimuli was clearly much 
better in the sequential than in the random runs, and these differences are statistically 
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significant (SI p < o-oor, SII p < oor, Figs. 1a and 2a compared with 3a and 4a). 
(Calculated from ¢ tests on the differences between the number of correct order 
responses in the sequential and random runs.) This is not surprising, since in the 
sequential runs the subject soon realizes the initial order of the stimuli and has only 
to determine two end-points, “togetherness” as simultaneity is approached, and 


FIGURE 2 
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Distribution of responses given by Subject II to pairs of stimuli with the 

interval shown on the abscissa. Pooled results of the ten runs in which the intervals were 

presented sequentially in 2 (a) for the control situation (stimuli to left and right index 

“fingers) and in 2 (b) for the experimental situation (stimuli to left second toe and right 

index finger). 


i Stimuli judged together C Order judged correctly 
SS Order judged incorrectly 


“apartness” when the interval is increased again. In random runs, on the other 
hand, he has to make independent judgements as to the order of the two stimuli on 
each occasion when they are not judged to be simultaneous, without any clues from 
the preceding pairs. There were, therefore, more incorrect order judgements made 
in the random runs, but these were not always distributed symmetrically with respect 
to the "together" judgements. Subject II made more incorrect order judgements 
in the random runs when the right stimulus was first (Fig. 4a), but this trend was not 
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significant (P < o'I > 0:05). (Calculated from ¢ tests on the differences betwee 
the number of incorrect order responses on either side of true simultaneity in ead 
of the ten random runs.) 


FIGURE 3 
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. Distribution of responses given by Subject I to pairs of stimuli with the interstimulus 
interval shown on the abscissa. Pooled results of the ten runs in which the intervals 
were presented in random order in 3 (a) for the control situation (stimuli to left and right 
index fingers) and in 3 (b) for the experimental situation (stimuli to left index finger ani 
right second toe). 
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The experimental situation (stimulation of finger and toe) 


The distribution of responses in the experimental situation is shown in Figure 


1-4b, and can be compared with the corresponding control situation (Figs. 1-42). 
. As in the control situation, both subjects were significantly better at resolving 
stimulus order in the se 


quential runs than in the random runs (SI p < 000% 
SII 5 < 0-001). 


There is an increase in the number of incorrect order judgements when compared 


with the control situation, particularly in the random runs where these and thé 


j 


, 
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7 "together" judgements were distributed over the whole range of intervals (Figs. 3b 
and 4b) (SI $ < voor, SII $ < 005). (Calculated on the differences between the 


number of incorrect order responses in the random runs of the control and experi- 
mental situations.) In fact, at some of the shorter intervals, performance is virtually 
at chance level. 

FIGURE 4 
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The number of "together" judgements is reduced for both subjects in both 
sequential (SI p < 001, SII p < 005 > 0°02) and random runs (SI p «ooot, 
SII p> o-1). (Calculated on the differences between the number of “together 
judgements in the control and experimental situations.) The smaller number of 
akes the resolution of order appear better in the sequential 
control situation. But the increase in —— order 
judgements in the random runs suggests that this appearance of better reso ution in 
bers situation is an artefact, and that the results are related to a 
teduced tendency to see two stimuli as together when they are presented to finger 
and toe. Klemm (1925) noted a similar reluctance on the part of his subjects to 
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ascribe simultaneity to stimuli given on widely separated parts of the body, e.g. 
forehead and ankle. 


The effects of conduction delays on judgements of simultaneity 
In order to test the original hypothesis of a shift in the distribution of judgements of 
simultaneity, it was necessary to calculate the point of apparent simultaneity in each rug 
for each subject. To do this we used the following formula (Finney, 1952, Equation 
20.10) ;— 
m = Xk + $d — dp, 


Where xy = 100 millisec., i.e. the upper limit of the range of intervals i 
d = 5 milliseç., i.e. the spacing between intervals 
=pi= the sum obtained by scoring the subject’s judgements as follows:— 
a judgement of “left first" as o 
a judgement of “doubtful left first" asl 
a judgement of “together” or “doubtful together” as 4 
a judgement of “doubtful right first" as ł 
a judgement of “right first" as r. 
In effect, “m” represents for eac/?run, the interval in millisec. about which the subject's 
judgements of "together" are distributed. The means and standard deviations of these 
points of apparent simultaneity are given in Table I. 


B TABLE I 


D Mean points of apparent 
simultaneity in millisec. 


à 


Control Experimental Mean p 
_ Situation situation difference (one-tailed 
(index index) (index jtoe) (“shift”) i d.f. test) 
= Sa ee RH ON ah A | i ie Sl Toi co 
Subject I —12-06+ 4:04 —2:94 -15:93 9:12 2:62 I9 «O'OI 


Subject II | + 5°25+14°68 — 12:19 +13+33 17:44 3:76 19 «0:005 


An analysis of variance was carried out on these data (Table II). It can be seen 
that the method of presentation of intervals (random or sequential) was not à 
significant cause of variance. Although these two psychophysical methods of 
presentation might have been expected to give different results, there was no 
significant difference between the mean “m” values for each subject for the random 
and sequential runs (5 > o-r in all cases). This is borne out by the insignificance 
of the second order interaction “Subject x Presentation x Site." Apparently, 
therefore, the main effect of the different presentations is upon the variability of 
judgements and not upon the mean value. The results of the two methods of presen- 
tation have therefore been combined. The analysis of variance also indicates that 
there were no obvious Practice effects between the first and second runs of each type 
of presentation. However, the interaction between the subjects and the experimental 
and control situations was significant at the o-r per cent. level. 
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In both subjects, therefore, significant shifts in the mean points of apparent 
simultaneity have been found, but in neither case were these of the magnitude 
predicted by the difference in latency of the cortical evoked potentials from finger 


TABLE II 
ANALYSIS OF VARIANCE 


Source of variation d.f. | Mean square | F ratio p 
Subjects .. T vs e S vis I 325019 2:07 010 
Site of Stimulation (index/index or index/toe) 1 345488 2:20 010 
Presentation (Random or Sequential) ee I 7:051 
Runs (First or Second) es os I 72:676 A 


Subjects x Site of Stimulation I 3527:832 22:56 «0'001 
Subjects x Presentation x e I 557:832 3:56 2005 
Presentation x Site of Stimulation .. I 305176 1:95 ,»9'10 
Subjects x Runs un ee I 43'144 

Site of Stimulation x Runs I 36:133 

Presentation x Runs .. I 3'301 k 


Site x Presentation x Runs ba TA 1 325:020 2:07 20:10 
Subjects x Presentation x Site i AC I 141'113 í 

Subjects x Site x Runs $ or I 54:863 
Subjects x Presentation x Runs I | 36113 


Residual (including insignificant factors) ..| 73 | 156372 
E X 


and toe, viz. r9 millisec. for Subject I, 21 millisec. for Subject II. For Subject II 
apparent simultaneity for the control situation (+ 5:25 millisec.), with stimulation 
of the two index fingers and equal latencies to cortex, did not differ significantly 
from true simultaneity (P > o-10). But, for Subject I, apparent simultaneity for 
the control situation (— 12:06 millisec.) was found to be significantly different from 
true simultaneity (p < 0'001). ’ 

A further test of the hypothesis can be made, taking into account these asym- 
metries in the control situation, and testing whether the observed points of apparent 
simultaneity for the experimental situation differ significantly from the values 
predicted by the differences in latency. Apparent simultaneity for the control 

, Situation is given by the “m” value for each run; we have assumed that the shifts 
in the experimental situation should have been 19 and 21 millisec. respectively in the 
appropriate direction, and have calculated the predicted points of apparent simul- 
taneity for each of the corresponding experimental runs. Examining these differences 
by the ¢ test, it was found that the observed “m” values for Subject II in the 
experimental situation did not differ significantly from the value predicted (5 > 0:4), 
but for Subject I the “m” values were significantly different at the 1 per cent. level. 


DISCUSSION 


It can be concluded from these results that for both subjects differences in the 
length of conduction pathways alter the judgement of the temporal order of stimuli. 
These alterations are in the direction to be expected, if the perception of stimuli as 
simultaneous depends on their arrival together at some point in the central nervous 
system. No allowance therefore appears to be made for small differences in con- 
duction time in judging the time of occurrence of stimuli. 
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On the other hand, in one subject the observed shift in judgements due 
conduction delays did not correspond with the difference in the latency of 
cortical evoked potentials. This might be due to the fact 


(a) that there is some Systematic error in measuring the latency of corti 
evoked potential with respect to the relevant component, 


(b) that the early cortical evoked potential in the specific area of the postcent 
gyrus is not the relevant event on which temporal judgements are based, 


(c) that although judgements of temporal order depend primarily on the patt 
of cortical firing initiated by the sensory volley, perception may vary wi 


On the last-mentioned view, temporal judgements might be affected by “set! 
just as, for example, the Way one sees a reversible figure such as Necker's cube i 
affected preferentially by a particular fixation point. The "prior entry" theo 
(Titchener, 1910), which suggests that when two stimuli occur at about the sam 
time, the one which is being attended to will be seen as first, irrespective of the act 
time relationship between the two, is one possible formulation of this type 


feature of the same kind was the incidence of incorrect order judgements made by 


eubiect IL which were more numerous when stimuli were presented in a right-left 
order, 


he idea of spatial localization of 
body surface to cortex is too 
apparently elementary stimuli 
tation before reaching conscious 
n of temporal differences. The 


À i ing at the same time cortically 
will not necessarily be regarded as simultaneous by the subject. 


stimuli depending on point-to-point projection of 
naive, and that even the information contained in 
undergoes quite elaborate transformation and interpre 
awareness. The same is probably true of sensatio 


sentence. The temporal acuity under the more favourable conditions of the 
sequential runs gave results comparable to those of earlier workers. Wundt (1903) 


n] ! 
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gave a mean value of 27 millisec. as the longest interval at which successive stimuli 
fuse into a single experience. The sensation of more than one stimulus ("redupli- 
cation") was described by Golla and Antonovitch (1933) as appearing at intervals of 
25-30 millisec., with stimulation of corresponding fingers of the right and left hands. 

Hirsch and Sherrick (1961) have recently produced evidence that the interval 
needed to judge the order of two stimuli correctly in 75 per cent. of the trials is 
approximately 20 millisec., and that this is independent of the modality of the 
stimuli, In contrast, the interval required for judgements of "successiveness" 
(non-simultaneity) they found to vary with the modality employed, but to be 
considerably less than 20 millisec. For the tactile modality, they delivered taps to 
the tips of the two index fingers by means of an electro-mechanical transducer, and 
compared this with visual and auditory stimulation. They mention preliminary 
experiments in which they stimulated face and toe, finger and palm, or finger and 
arm, and required the subject to report on the order of stimuli, but they got variable 
and equivocal results, which they do not report further. They do not, therefore, 
give any information relative to simultaneity judgements with pathways of different 
length. ' 

Stimulating different sites, Klemm (1925) found that a stimulus to the foot must 
precede one to the forehead by 25-30 millisec for the subject to judge them as 
simultaneous. He ascribed this interval to conduction time differences between 
foot and forehead. In the present experiments conduction delays clearly have an 
effect on the judgement of simultaneity, which confirms Klemm's conclusions. It is 
worth pointing out, however, that since he apparently made no comparable control 
observations on pathways of equal length, observations similar to those made on our 
Subject I in the experimental situation would have led him to the wrong conclusion. 

It may be concluded that while the central perceptual mechanisms make no 
allowance for differences in conduction delays, the time of arrival at the cortex is 
not decisive for judgements of the time of occurrence of a stimulus. 

Some justification is perhaps needed for assuming that the primary evoked 
potential in the somatosensory cortex is the event on which judgements about 
temporal and spatial patterns are likely to be based. There is much clinical and 
experimental evidence that fine discriminative sensation requires the integrity of the 
posterior column pathways of the spinal cord and the primary receiving area of the 
postcentral gyrus. No doubt it is only in this rather direct pathway, with only three 
synapses intervening between sense receptors and cortical neurones, that the 
necessary information on which to base resolution of the temporal and spatial features 

*of the stimulus will be transmitted in a recognizable form. " | 

Giblin (1960) has shown that the primary evoked potential is lost in patients with 
"damage to the posterior columns and resulting loss of fine sensation, and we have 
confirmed this (Halliday and Wakefield, 1962). There are thus good grounds for 
associating this potential with the arrival of the relevant sensory information. 

This must not be taken to imply that perception itself necessarily occurs early. 
While what is perceived may depend initially on the early discharge pattern of 
cortical neurones (and no doubt its subsequent analysis), there is evidence that this 
information does not necessarily become available to the subject’s consciousness 
until later. This seems to follow conclusively from the evidence that a near- 
threshold stimulus can be rendered imperceptible by another stimulus coming up to 
100 millisec. or more afterwards (Crawford, 1947; Battersby, Wagman, Karp and 
Bender, 1960; Halliday and Mingay, 1961). : Gh 

The experiments of Piéron and Segal (1939) illustrate. clearly the distinction 
between perception time and the perception of interval, and imply that these depend 
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of sensation), the volley ascending in the slower brain-stem pathways may be 
abolished. The latter therefore shows a much closer relationship with perceptual 
awareness, while the former appears to transmit the finer pattern on which the 


We are grateful to Professor P. Armitage for his advice, and in particular for suggesting 
to us the method of calculating the point of apparent simultaneity, and we should also 
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EFFECTS OF STIMULUS PROBABILITY ON REACTION 
TIME IN A NUMBER-NAMING TASK 
BY 
GEORGE C. STONE and ENOCH CALLAWAY III 


From the Department of Psychiatry, University of California School of Medicine, 
San Francisco, and The Langley Porter Neuropsychiatric Institute 


Subjects were required to respond to the visual presentation of numerals by uttering 
syllables closely resembling the names of the numerals. Information in stimulus ensembles 
was varied by manipulating the number of alternative stimulus configurations that could 
appear, the relative frequencies of stimuli within an ensemble and the probability of a 
response being required. An increasing linear function was a good first approximation 
to the relation between reaction time and informatior. transmission. Systematic devia- 
tions from this function were found and an attempt is made to explain them by 
introducing an intervening variable, “effective probability.” 


The proposition that dysjunctive reaction time is a linear increasing function of 
the amount of information transmitted from the stimulus to a response (Hick, 1952; 
Hyman, 1953; Crossman, 1953) has been shown to apply in an impressive variety of 
situations. Recently, this generalization has been challenged (Leonard, 2959; 
Mowbray and Rhoades, 1959; Seibel, 1959; Mowbray, 1960). These investigators 
present evidence that under conditions of optimum coding or of highly overlearned 
stimulus-response pairings the slope of the function is essentially zero. 

We were interested in the possibility of studying the effects of manipulation of 
attention on the slope and intercept parameters of the function relating stimulus 
informatien and reaction time. We desired to present large amounts of information 
concerning the relative frequency of stimuli, without overtaxing our subjects by 
requiring an excessive number of responses. We therefore began some experiments 
in which a response was required on only a fraction of a total number of trials. The 
results of our preliminary experiments were surprising to us and before we were able 
to comprehend them thoroughly we were led to a reformulation of the question of 
the relation between stimulus probabilities and reaction time. On the basis of 
evidence to be described below it now appears to us that reaction time is not a 
function of the average amount of information required to be transmitted from 
stimulus to response, but rather of the logarithm of the effective probability of a 
stimulus weighted by the probability of a response to that stimulus. In the limiting 
case where effective probability is equal to objective probability and where every 
stimulus requires a measurable response, the formula for calculating estimated mean 
reaction time is identical with that for calculating information transmission. 
However, the new formulation leads to better handling of the partial response 
experiments described here and also permits the introduction of the concept of 
effective probability to account for deviations of specific reaction times from what 
would be predicted on the basis of objective probability. 


METHOD 


The subjects, 8 inmates of a state penitentiary, were tested four days per week for a 
total of 16 or 20 sessions as described below. Each test session required 192 test responses 
in addition to 32 practice responses. The sessions lasted about one-half hour. 

The subject’s task was to make a verbal response to a visual display of a numeral 
presented on a Nixie tube, whenever a small neon bulb located one inch above the Nixie 
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tube was lit. Each trial was initiated by the experimenter's pressing a switch 
audibly activated a relay, reset an electronic timer to zero, transported the tape in 
teletype reader into position for the selection of the stimulus and instituted a d 
This delay, which was approximately 1:5 sec., ended with the appearance of an Aral 
numeral on a Nixie tube with or without the simultaneous illumination of the neon b 
Under the roo per cent. response condition, the neon bulb was lit each time the Nixi 
tube fired, but under the partial response condition it lit simultaneously with the Ni 
tube only 40 per cent. of the time. (Selection of the value 40 per cent. was arbitrary, 
The subject’s instructions were that when the neon bulb was not lit, no response 
required. When it was lit, he was to respond as quickly as possible with the syllal 
"bun" when he saw a one, ‘‘boo” for two, “bee” for three, and ''bore" for four. 
subject's vocal response was picked up by a microphone held about two inches from hi 
lips by a harness arrangement. This response activated a voice key and interrupted 
timing circuit. The reaction time was measured with a Hunter “Klock Counter" 


After each trial the reading on the timer was recorded by the experimenter before 
next trial was initiated. 


uncertainty as to which numeral would appear on the Nixie tube, was presented bol 


T TABLE I 
PROBABILITY OF OCCURRENCE OF VARIOUS STIMULUS-RESPONSE ALTERNATIVES IN : 
> EACH OF THE EIGHT EXPERIMENTAL CONDITIONS 


Numeral on Nixie 
1 2 3 4 
c ae bslogsbs | —Pylogehs | — brloga 
Pilot On | Of | On Of | On Off | On | Of | (Formula x) | (Formula 2) | (Formulas) 
Erri BELEE ee OBE 2) e 
Condition 
A Ps 500* o 500 o o o o o 1:00 1:00 1:00 
Pr 500 o 500 o o o o o 
B Ps 250 o 250 o 250 o 250 o 2'00 2:00 2700 
Pr 250 o 250 o 250 o 250 o 7 
C P 812 o 062 o 062 o 062 o ^ 0:68 
Pr 812 o 062 o 062 o 062 o 5e Fas 
Dp 500 o 250 o 125 o 225 o . r r36 
Pr 500 o 250 o 125 o 125 o 1 E 
Y 
E Ps 202 298 202 298 o o o D ^ 1:90 
500 o 500 o o o o 5 SW 1 
BD, ror 149 Tor 149 IOI 149 Tor I " 289 
Pr 250 o 250 o 250 o 250 dj PEN 29 
G p, 329 483 025 037 024 o; 02 : ^ 182 
Pr 812 o 062 o 062 a 062 35 ay d 
Hp 202 298 ror 149 O51 074 o5r 1 i 2'46 
Pr 500 o 250 o 125 o ze iie Sd ae 
* Probability of Occurrence X I0. 


test sessions constituted one complete replication of the experiment. Within € 
replication the order of presentation of th iti j 


scheduled for that day, followed by testing on half of the trials for that condition. Then 
16 trials of practice were given on the second condition to be tested on that day, followed 
by testing on half the tmals for the second condition, After a 3-min. rest the secon! 
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half of the second condition was run, followed by the second half of the first condition. 
In addition to practice on each condition, subjects were also orally informed beforehand 
of the probabilities of each numeral's appearance. One condition each day was from 
the 100 per cent. response group and one from the partial response group. In the 100 
per cent. response group a complete set of trials was 128; in the 40 per cent. response 
series a complete set was 64 responses. (r48 numerals were flashed on the Nixie tube but 
the pilot light lit only 64 times). 

Motivation for fast and accurate performance was provided through a system of 
bonuses. The subjects were paid on a sliding scale on the basis of the overall speed of 
their reaction times throughout the four sessions that constituted a complete replication, 
Each week the eight subjects were divided into four pairs on the basis of corrected speed 
and were paid four different fees— $1.00, $1.50, $2.00 and $2.50; the maximum pay was 
$10.00 per month. This amount was expected to produce a satisfactory level of 
motivation, since pay to inmates at this prison is usually limited to $6.00 per month. 
The time scores were corrected for pay purposes as follows: the times for each response 
were totalled and a penalty of 2 sec. for each error was added to the total score. Errors 
consisted of incorrect naming responses, of responses in advance of a signal or of other 
responses that showed the subject was not “playing according to the rules," 

Some comment on the treatment of the data from the partial response conditions is 
necessary. Under roo per cent. response conditions the amount of stimulus information 
can be readily calculated from the formula — Xp,log,p,, where p, is the probability that 
stimulus will occur. In the partial response condition, however, there aze several 
stimulus displays to which no overt response is made. If one calculates the average 
uncertainty regarding the stimulus ensemble, the same formula as given above can be 
used. These values are shown in Table I under —Ep,log,p. But while reactions that 
consist of not speaking may be assumed to be associated with those stimulus displays in 
which the pilot light was not lit, no measure of the reaction time for such responses was 
obtained. Therefore, the reaction times that enter into the computation of the mean are 
but a biased sample of the total response ensemble and it is not appropriate to estimate 
overall mean reaction time by weighting each response alternative by the probability 
of the corresponding stimulus alternative. One would like to weight the stimulus 
alternatives that require a response by the relative frequency of response to that stimulus. 
But this procedure is not legitimate under information theory, since it is essentially 
meaningléss to speak of the information content of a component of an ensemble of 
possible messages. We therefore employed the alternative formulation of predicting 
reaction time only from the negative logarithm of the probability of a particular stimulus 
weighted by the probability of a response to that stimulus. .The equation here is 
— Eprlog,ps and the corresponding values for each condition are given in Table I. 


5 RESULTS 


Mean reaction times for all subjects on all replications for each condition are 
shown in Figure r. A regression line has been fitted to the means of conditions A 
through D as shown. The linear component of this regression is significantly 
different from zero with a probability less than o-oor. The means for conditions E 
through H are plotted in two different places: (1) On the left (the circles), under the 
assumption that mean reaction time is a function of the average uncertainty regarding 
the stimulus ensemble (Formula 1, Table I), and (2) on the right (the squares), 
under the assumption that each reaction time is a function of the log of the probability 
that a given stimulus will occur. Mean reaction time will then be predicted by 
weighting the log probability of each possible stimulus by the probability that a 
response to it can be measured (Formula 2). Regression lines fitted to these four 
points have significantly shallower slopes than the regression line fitted to the means 
for conditions A through D. The sum of the squared deviations of the right-hand 
set of points from the regression line, RT = 298 + 39X is substantially, though not 
significantly, smaller than that for the set of points based on stimulus uncertainty. 
The same may be said of the points based on each of the five replications or on each 
of the eight subjects independently. In our further analysis we therefore based our 
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expectations on the formulation that reaction time was a function of the log of 
probability of the stimulus reacted to. It thus became possible to look at 
reaction times to individual stimuli. 

The deviations of the eight conditions from regression that can be seen 
Figure I were highly significant (P <o-oor). Furthermore, the pattern of deviati 


FIGURE 1 
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was consistent from replication to replication and from subject to subject. , For 
example, the depression of the mean for condition D below the overall regression. 


can be found in Table II. . 
. To pursue the question of the significance of these deviations, the mean reaction 
times for individual stimuli were plotted as a function of their probability of 
occurrence. These values are shown in Figure 2. The regression line shown is that 
derived from the overall regression RT — 309 + 33X, where X is log I/p and p © 


Thus, the point H-1 stands for the mean reaction time obtained in condition H to 
the numeral 1. 

_ As Hyman pointed out in his original article (1953, p. 194), “The components _ 
within a condition interacted with each other in such a way that the reaction time 


8 
nt RT = 330 + 36x -|+ + | + 
2 306 + 35x | ioe ee ae | 
3 304 + 32x -|/+/+])+/]- 
4 297 + 32x —-|/+)/—-[+] =< 
5 300 + 29x ex | sen] | 4m 
1 330 + 34% —-j|j-—-;|;-|-]° 
2 330 + 33x -|t*-li-i*|- 
3 332 + 30x I ae poe 
4 322 + 33x -|+| +|+]|- 
5 309 +3 -*il-i*4loel|- 
6 293 + 42x —-|/+)+]/09¢ 
7 263 + 32x - + - + = 
8 279 + 24x -|-i-1* o 


0.05 010) o 
Log objective probability 


ulus was less than 1/n. Four stimuli occurred with probability greater 
1, D-1, G-Crand H-1). All of these fell to the right of the regression line. 

t are markedly to the left of the regression line, on the other hand, 
nt stimulus displays having probability substantially lower than r/n. 
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We considered it possible to find a sensible mathematical function to deseri 
the observed relations between objective probability and mean reaction time, J 
this end we defined an intervening variable, "effective probability" (pe), that woul 
be a function of objective probability (po), the number of events in an ensemble 
and the probability of the most likely event (pm). We further required that me 
reaction time should be a linear function of the logarithm of effective probability 
In short, we defined pe with two equations: 


Pe = F(po, n, Pm) 
RT =a + b log pe 
The term "effective probability" is preferred because of the established uset 

"subjective probability" in utility theory (vide Adams, 1960). While the 
concepts have heuristic similarities, it is unlikely that they are identical, and it wo 
be well to distinguish them until the relationships can be explored. (Since this pape 
was completed we have found a similar suggestion made by S. Kornblum in 'Reactioi 
Time to Sequential Stimulus Presentations." Ph.D. thesis, Univ. of Michigan, 1959. 
We made the working assumption that po — pe when all stimuli appear will 
frequency 1/n, and were thereby able to graph pe against po. Study of the resulting 
sigmoid graph suggested two constraints in the selection of the function :(x) it appeare 
to have a lower symptote of 1/n; (2) pm seemed to influence the point of inflection 
whith occurred in the interval when Po Was between r/n and pm. Following thes 
guidelines, we found several functions that gave moderately good fits to the dati 
points of Figure 2. Best was 


(Pm — 1/n) 
=I eua e ard 
Pem E I + r0Ém 
where pa is 
Pm + I/n 
i 2 v d 
and K is an arbitrary constant. Figure 3 shows the fit obtained for individui 
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points and for condition means using this function and setting K = 3:5. While he 
data do not fit perfectly, Figure 3 is a clear advance over Figure 2. Figure 3 indicat 
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the utility of effective probability for predicting reaction times to particular stimuli. 
On the other hand, when deviations of the condition means, rather than individual 
stimulus means, from their regression lines were compared no significant improvement 
was found to result from the shift from po to pe- However, the points based on pe 
fit very closely on a straight line for all conditions except E and G. If these two 
means are excluded, the F ratio for improved fit of the p, regression relative to the 
po regression is 11-3, significant at the 0*02 level. Some reasons for the excessive 
deviations of the E and G condition means are offered below. 


DISCUSSION " 

It would appear that to a reasonably good approximation reaction time to a 
stimulus is a function of the number of alternative stimuli that can occur. With 
practice one can make use of the fact that a stimulus is particularly common, but 
one rarely deals with stimuli as though they were much less common than if all stimuli 
in the ensemble were equally probable. However, examination of Figure 3 illustrates 
that other factors are operating. 

One such factor must be at work in conditions E and G. These condjtions had 
in common stimuli with high probabilities of occurring when no response was required. 
In condition G the numeral “x” appeared a total of 52 times in each replication, but 
was responded to only 21 times. On 3r occasions any tendency to respond fad to 
be inhibited. It appears that excessive practice of the response inhibitioneoffset 
the gain that would otherwise have accrued from the high probability of occurrence 
of this stimulus. Similarly, both numerals in condition E were presented many 
times under nonresponse conditions and their mean reaction times are somewhat 
slowed. Why the effect is not seen also in conditions F and H is not clear. — 

One more factor leading to deviations from the regression lines is the consistent 
differences between reaction times to the-various stimuli within an ensemble even 
whep probabilities of occurrence are equal. In all conditions of a single replication 
the numeral r was responded to 396 times; 2, 204 times; 3 and 4, 84 times each. 
Responses to “1” were consistently faster than to “2” even in those conditions where 
their probabilities of occurrence were equal (conditions A, B, E,and F ). Thus, one 
might think of a residual facilitation from conditions where “1” had the greatest 
frequency. But the response to numeral "2" was almost always slower than to 
numeral “4,” though it was made 2} times as often. Also, in all six conditions in 
which numerals “3” and “4” were used, the reaction time to 4 was faster than 
"that to “3,” although these numerals always occurred with equal frequency. 
Therefore, the reasons for these differences are not clear. Simple motor factors 
(time required to phonate the response) might be reasonable. E y 

Our results indicate that even with so seemingly natural or compatible a stimulus- 
response coding as one-“‘bun,” etc., a highly significant regression of reaction time 
on stimulus probability is obtained. Reduction in slope of this regression from one 
replication to another, although not significant, offers suggestive support for 
Mowbray’s hypothesis concerning the influence of overlearning on this relationship. 
However, it does not seem appropriate to conclude, as Mowbray (1960) does, that 
the generalization regarding the increase of choice reaction times as a function of 
the number of alternative responses required has to be abandoned" (p. 200). It 
would seem more appropriate to consider that the nervous system processes relatively 
novel S-R pairs via different means than overlearned ones. Such a suggestion has 
been made by Davis, Moray and Treisman (1961) in their argument for progressive 
"automatization"' of responses with extended training. ` 


E 


I 
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The suggestion has been made that in our set of responses it would be po 
to prephonate the “b . . ." and thus shorten the reaction time. If the procedure 
followed by the subjects, there might be a tendency to equalize RTs under 
various conditions; since when a time-consuming decision had to be made, 
"b..." could simply be prolonged. We cannot entirely rule out the possibi 
that such behaviour may have occurred, although we instructed against it. Furth 
when one of the authors served as subject in preliminary experiments, he found t 
this technique actually increased his reaction time. In any case, the operation’ 
this factor would be against the findings that we report of differences between react 
time under various conditions. 

Discussion of absolute values of reaction times is of little use, except to validi 
the general method, as there are too many factors that can influence them. Me 
for our 2-bit condition ranged from 325 to 429 millisec. for our eight subjects. 
somewhat comparable experiments using visual presentation of stimuli Hyman (195 
found means ranging from about 350 to 600 millisec.; Mowbray (1960), means 
459 millisec.; Suci et al, over 650 millisec. Thus, our reaction times are in the sam 
range as other similar experiments have found, but somewhat faster tlian mo 
Davis, Moray and Treisman (1961), using auditory presentation of stimuli and 
“imitative response,” found substantially faster reaction times, of the order 

Comparison of slopes, or rate of gain of information among experiments, mi 
be more meaningful since constant errors are cancelled. Considering the same 
of experiments we find the rate of gain of information was low, about 5:6 af 
58 bits/sec., in the experiments by Suci (Young group) and Hyman, where ve 
unpracticed S-R pairs were used. In Mowbray's Experiment II and in our experimen 


Mowbray's S-R pairs in the experiment can be considered ''r"— Silence; "2 


Hyman predicted, using objective probability "59258 824 
He observed "m = Ur M ee, 15500, 585 
We predicted, using effective probability 304 553 


This gain in precision was achieved using the same value for K (3:5) as was use 


in analysis of our data. The solution appears to have some generality, therefore 
Other functions can also fit the data. For example 


Pe = po + 1/ne~ Ero _ (x — pm)e- Kl — Po) 
is nearly as good as the function chosen. Ultimately, of course, determination 0! 


* 
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the function must depend upon its articulation with other bodies of theory in the 
manner attempted by Luce (1960) and Rapaport (1959). 
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RESPONSE TIMES 


BY 


JOHN BREBNER and IAN GORDON 
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in an increase in response latencies. e 
only tọ one of the stimulus categories, however, increasing the number of categories did 
produce longer response latencies. Mowbray suggested that the slowing observed wil 
the larger ensembles in the latter condition (which we shall refer to as a “selective response 
task") might be due to the fact that the ratio of signal to non-signal digits decreased as 
the number of alternatives was raised ) 

As was noted earlier (1962), however, increasing the number of alternatives ina 
selective response task alters not one but several variables, e.g. the proportion of signal 
to non-signal items, and the number of non-signal categories. Selective response tasks 
provide a convenient situation in which to study these variables independently, and the 
present experiment aimed at investigating the effects upon selective response lateney of 
signal probability and the number of non-signal categories. 


APPARATUS 


intervals. The apparatus 


the beat of which was audible to subjects so that it was possible to anticipate when b 
next digit was due to appear. This kept the subject's uncertainty about the time 0 
hd of digits at a low level. In all conditions digits were illuminated for 650 
millisec. 

One new feature was that the response required in the present experiment was to 
operate a microswitch with the forefinger of the dominant hand. Closing this switi 


stopped a chronotron (1,000 millisec. Full Scale Deflection) which started on the appearance 
of the digit “2.” 


METHOD 


Four main conditions were used in the present experiment, in all of which responses 


were required only to the digit “2.” Signal probability and the number of non-sign® 


digits were varied independently as shown in Table I. In the 2-digit condition digits 
“1” and “2” only were used, while in the 4-digit condition digits "117-4" were present 

to the subject. Digits were presented at rates of 60 per min. when the signal probability 
was 0:25, and 24 per min. when the signal probability was 0-625. The average rate 0. 
appearance of the signal digit (“2”) was, therefore, 1 per 4 sec. in all conditions. 


* Both authors now at the University of St. Andrews, Queen's College, Dundee. 
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Four male undergraduates took part in the experiment and a Latin Square design 
was used in an attempt to ensure that the order in which subjects performed the conditions 
did not materially affect the results. At the start of each test session a short practice 
period was given which lasted until 25 responses had been made by the subject. In the 
actual test sessions 200 reaction times were obtained from each subject. Each session 
lasted approximately 8 min. but a 3-min. rest pause was introduced after the first 100 
responses had been obtained. Before the start of each test session subjects were informed 
which digits would be used in that particular condition and warned of their relative 
frequencies and the rate at which the digits would be presented. Subjects were instructed 
to respond as rapidly as possible to the appearance of the signal digit, to respond to no 
other digit and to refrain from making errors. This last instruction appears to have been 
reasonably successful in that no subject made more than 7 e»rors in any test session. 

The authors’ decision to hold signal rate rather than digit rate constant while providing 
a constant mean intersignal interval, does not exclude the possibility that the rate of 
presentation of digits may itself affect selective response latencies. Accordingly, 
further conditions (c) 2(0°625) at a digit rate of 60 per min., and (f) 2(0-25) at a digit 
rate of 24 per min., were included in the experiment, v Table I. These two further 
conditions were carried out when subjects had completed their initial four test sessions, 
two of the subjects being tested in the order of conditfons c-f and the other two subjects 
in the order f-c. 100 RTs were recorded from each subject in both these additional 
conditions. 

RESULTS AND DISCUSSION e 

Table I shows the subjects’ mean selective response times for the six tests conditions. 
Conditions (c) and (f) are the additional conditions referred to in the section under 
Method. The distribution of response times in the four main conditions of the expefinient 
are shown in Figure T. . 


TABLE I 
MEAN SELECTIVE RESPONSE TIMES (MILLISEC.) FOR EACH SUBJECT IN THE Six CoNDITIONS* 


Digit rate 


60 per min. 
1 (a) | ® | 
2(025) | 4(0:25) 


Subject 
J.B. 


* Numerals outside brackets refer to the number of alternative digits used in that condition, 
bracketed numbers refer to the signal probability. 


imes shorten as signal probability in . This is true whether signal rate is held 
constant or digit SRA is Hia constant, and the ensemble size is two or four digits. In all 
these cases increasing the signal probability from 0:25 to 0:625 results in a significant 


(i) Non-signal categories. The present results indicate that increasing the number 
of does fna serves P lengthen selective response times only slightly. 
However, it is the case that for all subjects mean response times are, to a variable extent, 
affected bythe change in the ensemble of digits. It may also be noted that the difference 
in mean selective response times between the two levels of signal probability (with a 
constant signal rate) is very similar whether two or four digits are used. 
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(iii) Digit rate. From Table I it may be seen that the effect of increasing the 
which digits are presented, for a given signal probability, is to increase mean 
response times. This effect of digit rate appears to be more marked when s 
probability is low (v columns (a) and (f) Table I) than when signal probability is 
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falls short of the 5 per cent. level of significance, could on this view be due to the 
relatively greater difference between the mean intersignal intervals (one per 4 sec.—one 
per 10 sec.) in conditions (a) and (f) compared with that between conditions (c) and (d) 
(one per 1:6 sec.—one per 4 sec.). 


TABLE II 
LVALUES FROM THE MEAN DIFFERENCES BETWEEN CONDITIONS, AND ASSOCIATED 
PROBABILITIES 
Condition | a b e 4 E ft | 
Categories and | . 
Signal Probability ..| 2(035) 4(o'25) 2(0:625) 2(0:6235) | 410625) 3(o23) M 
an 
Digit rate " | 6o 6o 60 24 24 |. difference. 
| per min. | per min, | per min. | per min. leer min. [per min. | in millises. r $ 
4 qe , 78 1003 «001** 
e—a 7 LZ] <o” 
e—a 36 469 <o” 
. MEENEESO C 00 55 375 «oos* 
P > a 317 <o10 
Li 
—— o 25 2°88 <o10 
ee 1$ 240 <o10 
. 
— 16 9 20-20 


The present findings may have some implications for the interpretation of results 
obtained in choice response situations in which each signal is associated with a particular 
response. In choice response situations, increasing the size of the signal ensemble results 
in a lengthening of response latencies except when the subject is very highly practised 
(Mowbray and Rhoades, 1959), or the response is an overlearned one, such as the verbal 
response of naming digits (Mowbray, 1960), or when each signal is presented directly to 
the responding member (Leonard, 1959). When ensemble size is increased and, as is 
usually the case, all items are presented with equal frequency, the stimulus situation is 
changed in at least two ways. Firstly, more separate categories requiring identification 
are presented to the subject and, secondly, the probability that a particular response 
will be required is reduced. The slowing observed with larger ensembles in choice 


process of progressive dichotomization among the possible alternatives in the situation. 
From the experimental situation described in this paper, m which signal probability 


naming selectively may not be. The fact of having to withhold responses to all but one 
9f the display items may, in the early stages of practice, serve to increase the time taken 
to respond to the signal item in proportion to the number of non-signal items presented. 
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DIRECTIONAL INFORMATION AND APPARENT MOVEMENT or 


et 
‘DIRECTIONAL INFORMATION AND APPARENT MOVE- 
MENT—THE APPARENT MOVEMENT TO APPARENT 
SIMULTANEITY THRESHOLD 
Y ny 
M. A. JEEVES 
From the Department of Psychology, University of Adelaide 


‘This paper reports a study of changes he ner movement to a t simultaneity 
: thresholds as a function of the directional tion of the point of light. An 


changes 
) Movement to apparent successiveness when the same experimental variable was manipu- 
"fated, In interpreting the results the authors proposed an hypothesis in terms of 
attentional disarticulation." Brown (1956) commenting on this earlier paper put 
forward an alternative explanation of the results in conventional informational terms 
"and he predicted the changes in the apparent movement to apparent simultaneit 
Thresholds which should occur if studied under the same experimental — e 
further showed that his predictions would differ from predictions made on basis of 
Our own explanation. The results of the experiment reported here uphold the 
of our own carlier theory and fail to fit those made by Brown. However, in at 
Jto understand the results from the two experiments considered together, it is vogue 
that a factor must be included which was omitted from our own earlier but 
om by Brown. This factor as stated x Brown (1956) is "that the threshold 
a discrimination tends to increase with the tion content of any discrimination 
7 Which has to be made concurrently.” 


INTRODUCTION 
In an earlier paper (Jeeves and Bruner, 1956) we showed that none of the studies of 
t movement reported in the literature up to that time had taken account of the 
information in the movement perceived. We suggested that the 


. Movement f eight directions (as com with either of two ) In 
" in any of eigh ns ( pared rn 1 


J 
's attention over eight possible pathways of t movement may be tantamount 
_ t9 reducing the kinds of constraints that operate a field to keep events and points in 
ter the same year Brown (1956) 
- expressed dissatisfaction with our explanation and at the same time advanced his own 
comment upon Brown's note will be reserved for the 
3 discussion at the end of this paper but part of it is of direct relevance at this point since 
showed how his explanation and ours should make opposite predictions as to the 


tional information of the second stimulus, both the transition between apparent 

= ity and apparent movement and the transition between apparent movement and 

- Succession should occur at higher values of f, the interval between the two stimuli." 
According to Browns understanding of our earlier theory he wrote "in relation to the 

= Simultaneity/apparent movement transition, expectancy for movement will 

"d descending trials. 
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PROCEDURE 


Thirty-two female first-year students were used as subjects. The stimuli for ap 
movement were two pinpoint spots of fluorescent white light in a black unstruc 
field in a high-speed electronic tachistoscope. The two pinpoints of light were 0°37 i 
apart and 17 in. from the eyepiece of the subject. The lighting used in each half of th 
tachistoscope was two mercury-argon discharge tubes placed behind an aperture approx 
mately o:8 mm. in diameter. The spots of light were seen in a visual field either throw 
or on a half-silvered mirror, the centre point of which was 31 cm. from the centre of tl 
eyepiece. The half-silvered mirror had equal transmission and reflectance characteristie 
so that the two points of light were of equal apparent intensity. 

In the presentation of the movement stimuli the first light appeared in the centre 
the black field for 1-o sec.—a length of exposure that permitted subjects to use this firs 
light as a fixation point. The second point of light appeared for o-5 sec. and the tim 
interval between the appearance of the first and second lights was varied for th 
determination of movement thresholds in a manner presently to be related. Since th 
tachistoscope used was electronically operated, there were no mechanical clicks whith 
subjects might use as additional cues and therefore it was unnecessary to use whitt 
noise as in the earlier experiment. 

The instructions given to the subjects were designed to indicate the directions it 
which they should expect the second pinpoint of light to appear in relation to the first 
Under one set of conditions the subjects were told that the second spot would appear it 
any one cf two possible directions and only in these two directions. Thus for example 
one subject would be told to expect movement only to the North or South (N—S) of the 
first point of light, another in the E—W direction and so on. The four pairs of directions 
i were N—S, E—W, NE—SW, and NW—SE, which were allotted randomly to tht 
subjects. 

Under the second set of conditions subjects were told that they could expect tht 
position of the second spot of light to be in relation to the first spot of light at any d 
the eight points of the compass: E, NE, N, NW, W, SW, S, SE. 

Four threshold determinations were made on each subject, two going from apparent 


It would,.be sensible to consider the ascending series a determination of the threshold 
of apparent inovement, the descending series a determination of the threshold of apparent 
simultaneity. 

The subjects were divided into four subgroups each given somewhat different orders 
of testing. These are as follows, and subjects were assigned to the subgroups randomly: 


I II III IV 
i2 ascending “2” descending “8” ascending “8” descending 
48, ascending “8” descending “2” ascending “2” descending 
42" descending 42" ascending ` “8” descending “8” ascending 
8" descending 8" ascending “2” descending “2” ascending 


By the use of such a counterbalanced design we are able to determine the effect of the 
2- and 8-directional expectancies, the method of computing threshold, the effects 9 
practice or adaptation as one goes from the first to the second half of the experiment, an 
finally the effect of having a 2-directional or 8-directional expectancy initially. 
The subjects were instructed as follows:— : 
. "This is an experiment designed to investigate certain characteristics of apparent 
visual movement. I want you to look into the eyepiece of this tachistoscope and ? 
intervals I shall show you two points of white light appearing in the black field. Under 
certain conditions like this (subject shown apparent movement condition until he 8&5 


LI 
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good appearance of apparent movement) you will appear to see not two separate spots, 
but instead one spot of light appearing to move across the field. Under another set of 
conditions you will see the simultaneous appearance of two separate and independent 
spots of white light like this (subject shown simultaneous condition). The second spot 
of light will appear either vertically upwards or vertically downwards (or whichever 
condition is being used) and your task is to report to me after each exposure the direction 
of the second spot and whether it was a case of apparent movement or simultaneity. 
There may be some instances when you are doubtful; in that case I want you to say so 
and to report which of the two conditions it most resembles. 

Each time before the lights appear I shall say "Ready." At other times you should 
relax and rest your eyes between exposures. Is thatclear? Do you have any questions?” 


TABLE I 


THRESHOLD OF APPARENT MOVEMENT FOR VARIOUS CONDITIONS EXPRESSED IN MILLISEC. 
or TEMPORAL OVERLAP BETWEEN TWO STANDARD LIGHT Points P 


eo ooo 


2 directions |e 8 directions 
expected expected Combined 
All conditions an Vv ~~ 130 145 137 
Ascending method 3: x 120 113 116 
Descending method D .. 140 180 160 . « 
First half determinations. . os 116 144 130 © 
Second half determinations ah 144 146 145 
d directions initial ya E CORDE 137 190 164 
8 directions initially 120 113 
Ascending: first half 97 
Ascending: second half 135 
Deseending: first half 2 140 165 
Descending: second half .. E 140 156 
Ascending: 2 initially E 
Ascending: 8 initially 
LJ 
Descending: 2 initially .. m 168 196 
Descending: 8 initially .. a. 115 


Š RESULTS 

Table I presents a summary of the experimental results in terms of the maximum 
temporal oredan in millisec. between the two points of light which produce the appearance 
of visual movement. The principal findings may be summarized as follows:— > 

(1) There is an increase in sensitivity to apparent movement when one operates with 
an 8-directional expectancy in contrast to a 2-directional one. This difference which is 
significant at the 5 per cent. level (f = 2-14, 0°05 level = 2:04) for the thresholds deter- 
mined by the descending method ceases to be significant when the ascending and 
descending data are pooled. h EON d 

(2) There is a marked difference between the results obtained wi e ascending 
and descending methods respectively. The ascending method measures the threshold 
of apparent movement and the descending method the threshold of apparent simultaneity. 
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the first half of the experimental session only, then the difference between ascend 
and descending thresholds, namely 97 millisec. compared with 165 millisec., a differen 
of 68 millisec. (t = 2-80, o-or level = 2-62) becomes significant at the r per cent. ley 
This finding of the effect of halves is not surprising since in our previous study weh 
found that first half differences tend to wash out in the second half. 


(4) Results from the Ascending Method 

Of the sources of variance studied the following showed no significant contributi) 
(i) expectancy, ie. 2 vs. 8 directions, (ii) halves, i.e. first half vs. second half result 
” The results did, however, show that with the ascending method the order (i.e. whid 
expectancy was given initially the 2 or the 8) was a significant source of variance. This 
when the 8-condition precedes the 2-condition, we find that the threshold under tl 
2-condition expectancy is 128 and under the 8-condition expectancy is 72. j 
difference which is significant at the 5 per cent. level of confidence (t = 2:34, 0:05 level 
2:13) is all the more striking since it is in the opposite direction to the difference betwe 
the 2- and 8-expectancy conditions when all the data are pooled. 


(5) Results from the Descending Method 
When going from apparent movement to apparent simultaneity the difference betwee 
the tiiresholds under the 2- and 8-expectancy conditions is significant at 5 per cent. level 


(6) Disregarding the method of determination used, i.e, ascending or descending, 
mean threshold obtained under an 8-directional expectancy when it precedes a 2-directiona 
determination is 107 as compared with a threshold of 190 when it follows a 2-direction#l 
determination. This difference of 83 millisec. is significant at the r per cent. lev 
(t = 2-94, 0-05 level = 2-00). More specifically an 8-directional threshold preceding #i 
2-directional is 107 and following a 2-directional is 190. 


> 


` (7) One other source of variance which emerged as significant may be summarized ® 
follows: if the ascending determination is done first then the difference between tht 
ascending threshold 97 millisec. and the descending threshold 156 millisec. is 59 millises 
which is significant at the 5 per cent. level (t = 2:59, 0:05 level = 2-04); if, however, tht 
descending condition is given initially this difference does not hold up. 


Discussion 


In the final paragraph of our earlier paper (Jeeves and Bruner, 1956) we wrote, We) 
do not, as the reader can see, have a very satisfactory explanation of the findings we hav? 
reported. It had been our expectation that quite opposite results would be obtained: 
and these might well have been handled in conventional informational terms." The 
challenge of our own dissatisfaction was taken up by Brown (1956) in a note published 
later the same year. Brown’s alternative explanation was couched in ‘‘convention® 
informational terms” and in it he stated that “. . . a reasonable hypothesis concerning 
conditions for apparent movement would seem to be: apparent movement tends to 
Seen if the subject is ab/e to discriminate (dı) that the two stimuli are not simultaneous 
but is unable to discriminate (d,) that the two stimuli are not produced by real movemet 
of a single stimulus." This formulation would only be acceptable if, when Brown say" 
“is unable to discriminate (d,) that the two stimuli are not produced by real movement 
of a single stimulus" he means “is unable to discriminate successiveness.” This P 
important because Brown's reference to “real movement" implies a judgement which the 
subjects in our experiment were at no time required to make since they were told quit 
explicitly in the experimental instructions that this was an experiment in apparet 
movement and it was made clear that they were reporting the apparent movement or 
apparent succession of two points of light. There was no question at any time of T 
movement of one point of light. 
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In discussing our earlier explanation Brown drew attention to our second assumption 
which he stated as "that an expectancy for movement predisposes the subject to see 
movement” and he criticized it on the grounds that it should operate "n whether 
going from movement to successiveness or vice versa. This we accept. It is clear that 
our own earlier explanation itself needs revision even though the predictions made from 
it for the present experiment have been upheld. We thus find ourselves in the not 
uncommon situation where an explanation which is unacceptable because of a false 
assumption nevertheless makes correct predictions for the outcome of an experiment. 
At the same time Brown’s hypothesis which has many attractive features makes pre- 
dictions contrary to the obtained experimental findings. 

In his 1956 explanation Brown drew particular attention to the important factor that 
“the threshold for a discrimination tends to increase with theinformation content of any 
discrimination which has to be made concurrently." Ina recent personal communication, 
Brown has suggested that in the light of the results of the present experiment his 
hypothesis should be revised so that it now becomes “Apparent movement tends to be 
seen if the subject is unable to discriminate (D,) that the two stimuli overlap but is able 
to discriminate (D,) that the second stimulus outlasts the first." According to this 
reformulation, and assuming that D, is a difficult discrimination and D, an easy one, we 
should predict that with high directional informatidn (the 8-condition) more overlap 
will be necessary for D, to occur so that both ascending and descending thresholds will 
tend to lie at relatively high values of overlap. 

Whilst such a prediction does not fit the direction of the results when the 2 first- 
half-ascending are compared with the 8 first-half-ascending (specifically 110 compared 
with 72 millisec.) nor when the 2 first-half-descending are compared with the 8 first-half- 
descending (168 compared with 138 millisec.), this is not serious since these diffegeftces 
fall far short of significance (f = 1-11 and ¢ = o:80, 0:05 level = 2:12). His prediction 
does, however, fit the direction of the results for the second half (2 ascending 128. miflisec., 
8 ascending 154 millisec., and 2 descending 115 millisec., 8 descending 223 millisec.) and 
the descending difference is significant at the 1 per cent. level (t = 3:38, orot level = 2:92). 
Moreover the prediction from Brown's new hypothesis fits the overall results which 
showed a significant difference between 2 and 8 expectancies using the descending method 
of determination in the direction he would predict. ; 

When the principal findings from the two experiments are considered together we 
see that with increased directional information (a) the movement to successiveness 
threshold is raised, i.e. movement persists for a greater temporal separation of the two 
stimuli under the 8 condition and (b) the movement to simultaneity threshold is lowered, 
ie. movement persists for longer with a greater temporal overlap of the two stimuli. 

These results could both be predicted from the following hypothesis: Apparent 


overlap or that,there is an interval between the two but is able to discriminate that the 


second stimulus outlasts the first. 4 MR eos 
The only further assumption that needs to be made is that the latter discrimination 


is an easy one whereas the two former ones are difficult and it is therefore these which 
will be most affected by any other discrimination which must be made concurrently (in 
these experiments whether the second point of light is in one of two or one of eight 
directions). 

The author wishes gratefully to acknowledge the help received from Dr. J. Brown in 
preparing the present draft of the discussion section of this paper. 
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THE EFFECT OF TOUCH ON A VISUALLY AMBIGUOUS 
THREE-DIMENSIONAL FIGURE 


BY 


CHARMIAN SHOPLAND and RICHARD L. GREGORY 
From the Psychological Laboratory, University of Cambridge 


The effect of haptic (i.& tactile-kinaesthetic) information on the perception of an 
ambiguous visual figure was investigated. The figure used was a self-luminous, three- 
dimensional wire cube viewed in darkness. It was found that visual reversals still took 
place when the cube was explored with the hands, but the reversal rate was reduced and 
the time increased during which the cube looked as it "really" was. 


, INTRODUCTION 


The Necker cube is a well known example of a reversible figure. This simple line 
drawing (Fig. Ia) is seen to represent a cube in either of two orientations. If; however, | 
perspective or other cues are added (Figs. 1b, Ic), the figure reverses less frequently, and 
there comes a point when it is no longer ambiguous. 


= FIGURE r 


E 


lc 


A simple Necker cube (Fig. i i 
which tend to stabilize its d moto aree, (Mg. vti pd "ine ae 


These prelimin: i " 
paper, in which we show some eos a nat dies Hh LOGS described in E 
olding the cube. One would no 
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expect touch to have any effect on the reversal of a Necker cube drawn on a piece of 
paper. If touch gave any information, it would be to the effect that the "cube" was in 
fact flat, but merely looking at a two-dimensional Necker cube one is aware that it is 
flat—it gives the impression both of flatness and of depth. With the three-dimensional 
figure it is a different matter—the observer is certain that it is in fact a real cube in front 
of him and that to touch the front and to touch the back he must put his hands at 
different distances. One might expect haptic information to stabilize to some extent 
the perception of this cube, as do visual cues. Alternatively one might suggest that 
haptic information, being in another modality and not specifically attended to, might 
be ignored altogether; or one might expect that certain subjects would be greatly affected 
by haptic information, others hardly at all. 
‘ 


METHOD 


The cube used in this experiment was self-luminous and glowed in the dark. Figure 2 
shows its orientation to the (right-eyed) subject holding it, but in the experiment the 
hands were only faintly visible by the light coming from it. The cube was made of 


FIGURE 2 œe 


The orientation of the cube to the (right-eyed) subject holding it. The cube was 
self-luminous in an otherwise dark room. It was wedged into a support which is not 
shown. The hands were faintly visible by the light of the cube. 

Square section brass and had sides 34 in. long. The subject could cup it conveniently in 
his hands, simultaneously feeling Aue of the edges and corners while the cube was fixed 
in position by a grooved wooden support underneath one edge. He was seated at the 


Twelve subject ed in the experiment, all of them being undergraduate or 
Tesearch students ia egent The subject was first reminded of the Necker figure 
(all of them had already experienced the reversal of such a figure) and told that he wanted 


4 


68 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


to know whether the solid “figure” in front of him would also reverse. He was asked to 
note at the beginning of each run whether the cube looked as it “really” was—in which 
case he was to say "normal," or whether the front and back corners had changed places— 
in which case he was to say “reversed,” or whether the cube looked like a plane figure— 
in which case he was to say "flat." If anything else was seen he was to say “odd” and 
explain afterwards. 

Each run lasted 1 min. and during that time he was asked to report any changes in 
the appearance of the cube at the time they occurred. Between each run he spent 
to sec. with his eyes closed. There were eight runs, then a pause for comment and 
re-activating the cube with a bright light, and then eight more runs. The runs were 
arranged in double alternations between the condition we call “Vision” and the one we 
refer to as "Touch." During the “Vision” runs the subject sat with his arms resting on 
the table and simply looked at the cube; during the “Touch” runs he cupped his hands 
round the cube and kept both hands moving continuously over its surface. This 
procedure was explained to him at the beginning of the session and he was told that both 
active and qe touch were to be used—that is, as well as running his finger tips along 
the edges of the cube and feeling its lines and corners (trying not to favour any particular 
lines or corners), he was to feel it with the whole hand. 

reports and comments were recorded on magnetic tape which was played through 
afterwards so that the times of occurrence of each observation could be obtained. 


FIGURE 3 
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looked at, i , averaged for all subjects. When simply 

at, it appeared normal for an Yee of 30:8 sec. per min., eA for an eri 
3'1 sec. per min, When explored with the hands 
are 409, 15:4 and 3:6 sec. per min, respectively. 


5 RESULTS 
Figure 3 shows the total ti 
or “flat during each of the 1 


an average of 40:9 sec, i cht 
an average of 15:4 sec. inomial C. In each r-min. run and reversed for 
when simply booking et the cube morem. gives  — 0-004.) The corresponding 


are 30-8 and 25- ; 
"T" test gives we 5 Sec. respectively. (These are 
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a of 3:6 sec. on each run when explored with the hands, for 3:1 sec. when 
looked at. This difference is not significant. (Wilcoxon “T” test gives p> 


"The only “Odd” description of the cube was given by subject 5, on one occasion while 
sing vision alone and on three occasions when using touch also. He reported seeing it 
in the normal orientation and in depth, but with the kind of distortion that typically 
arred when the cube was seen reversed, that is, not as a regular cube but with a marked 
ce in the sizes of the nearer and further faces. This effect had already been 
ed by one of the authors (C.D.S.), but had not otherwise been reported by the 20 
people who took part in the preliminary study. This percept seemed to be inde- 
ent of any change of attitude on the part of the observer. 


t 


FIGURE 4 


x Vision t 
o Touch 


One-minute runs 


The number of changes in appearance of the cube during each of the 1-min. runs of 
experiment, averaged for all subjects. It changed appearance an average of 7'9 
e$ when simply looked at, 5:3 times when explored with the hands as well. 


All the subjects observed that the cube looked distorted this way when reversed. 
our subjects commented that fixation seemed to aff 
observed, (Glen, 1940)); one thought t 
nt of depth in the figure varied; two thought they could w. 
dence of this also) but said they tried not to do so. 

- Two subjects thought that touch had no effect at all on what they saw, although they 


ouching li failing to find with their hands lines they could 
oa pat ocean i rticular seemed to make the 


Two subjects found that touching the front corner 1n pa s 
go back db normal if it were Meo Ara and two found t th the back corner. 
They were both obscuring this corner with the hand, instea! 

e cube as instructed.) One subject found that à corner would s r 
k with her hand, and another that the part she was touching looked normal while 


Test of the cube looked reversed. ; : i 

! eral subjects made the comment that touch gave Ta a ae to the Dee pisce 

f the cube s“ to accept the difference between the visual anı 
ot, but late id We therefore looked for a decrease 


from the beginning of the session to the end. 
1 d in the right direction but it is certainly not 
ant (Friedman Analysis of Variance by Rank gives p = 0: 5). Looking at the 
ts of each subject separately, we found no more indication of variation with time 
ig those who reported it than among the rest. ua 
Or all subjects except one there were more changes when using vision only than when 
rm) T (The probability P. 
‘he difference in the case of the j 1 i 
d the 0-05 level (Wilcoxon “T” test), and in other ways his results were typical. Figure 4 
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shows number of changes, averaged for all subjects, during each of the 16 1-min. 

e cms Again there is no evidence of any changes with time, nor is 

there amy suggestion of a trend when considering alone subject who commented 
The reversal rate in our experiment is less in both conditions than is generally reported 

for two-dimensional Necker cubes, our average rates being 7:9 per min. with vision only 


and $43 with touch also, com with average rates ranging from 15 to 3o in the 
literature (e.g. Tusing, 1941; Glen, 1940). 
Discussion 


metrical pattern.” It could well have been the case that when, say, the front of the cube 
was located by touch it would always appear to be the front visually, but in fact the 
cube seemed to split into two objects, one visual, the other tactile. 

* We may think of the Necker cube as presenting a problem to the perceptual mechanism 
for which there are only two possible solutions: a Necker cube drawn on a plane surface | 
is usually bistable, seeming to lie in either of two orientations. We thought it possible 
that touch would have an all-or-nene effect on the choice of solution, but we find that 
touch can information that guides but does not dominate the perceptual mechanism 
in its . Haptic information cuts down the reversal rate and increases the time) 
ons which the cube looks as it “really” is, but does not prevent reversal. 

* might contrast this situation with one in which the perceptual problem is to 

decide on the values of continuously varying parameters. An example-of this is the 

shape of a distorted room. Here we have walls which may be at any of an 

number of angles to the line of sight, a floor and a ceiling which may be at any 

of an infinite number of angles to the horizontal. In this case the perceptual system 

makes a decision and sticks to it without vascillating. However, given information from 

touch, the perception is modified in the direction of the true shape of the room, and with 

more 3s the perception corresponds still more with the true shape (Kilpatrick, 
1954). th the cube there were some reports of this type—while touching it, it 
appeared reversed, but not extending as far in space as when seen unreversed. There 


This experiment shows that haptic information does not prevent reversals of an 

ambiguous figure, nor does jt prevent the figure from looking like a “‘meaning!-ss geo 

was however, no evidence of learning, nor do our results show any effect of haptic 
[ 


, Where a word repea f ta 
was M to spontaneously to other words or sounds. ae eee one 
us (C.D.S.) was supported by a grant from the Medical Research Council. 
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ROCEEDINGS OF THE EXPERIMENTAL PSYCHOLOGY 
SOCIETY, 1963 


d sih April, 1963. Extended Meeting at Cambridge. 
on: “On the representation of choice reactions by a random walk,” by D. Re 
g “The relationship of reaction time and XX blocking in normal and 
sly subnormal subjects," by B. Hermelin and P. H. Venables. "The origin of 
after-effect of movement," by M. Pickersgill.* "'Repulsion and adaptation in 
he figural after-effect," by J. Wilson.* 

ssion: Symposium on studies of cognitive learning, with contributions from M. S. 
liday,* M. H. Sheldon,* A. W. Still,* and A. J. Watson. “Acoustic confusions in 
memory,” by R. Conrad. Y 


cells in the rabbit's retina signalling direction of motion," by 


on: "Ganglion 
" by O. L. Zangwill and B. R. 


BH. B. cel "Studies in the two-point threshold, 
Gomu * 

4th Session: Symposium on reading aids for the blind, with contributions from M. B. 
- Clowes* and P. W. Nye,* introduced by J. A. Leonard. “Pattern perception in the 

‘stabilized retinal image," by C. R. Evans.* ^ 

)h-ruA July, 1963. Extended Meeting at Oxford. 

"hd " 

I ssion: “A comparison of recall and recognition," by J. Brown. “A t“move- 

in repetitively patterned fields,” by M. E. Wilson.* “Feedback control of 

limb-movement and Fitt's Law," by E. R. F. W. Crossman and E. J. Goodeve.* 

| Session: “Multi-channel listening in the four-eared man," by N. Moray. “Auditory 

unmasking,'"" by M. Treisman. ‘Problems in the measurement of perceived tem 
order,” by I. J. Hirsh.* 


d 


: Two papers on stimulus analysing mechanisms, by N. J. Mackintosh* and 
Sutherland. "Experimental studies of ‘sharing’ behaviour," by J. T. Lanzetta.* 
Illi Session: “Electrical stimulation of the brain in Barbary Doves,” by D. M. Vowles and 
D. Harwood.* “A possible mechanis : i 
W. R A. Muntz. “Plasticity of phototactic behaviour in frogs and terrapins,” by 
. Mrosovsky. ‘‘Perceptual skills as components of intelligent behaviour, by A. 
lithorn and Myfanwy Kerr.* “Perceptual and intellectual skills," by D. N. Lee.* 


Meeting at Birkbeck College, London. 


R. B. Ross.* “The relation 
J. A. Gray.* “Is seminal 


E 
th January, 1964. 16th Annual General 


| Session: ""Neurochemical regulation of learning," by, 
stimulus intensity and operant response rate," by 


aculation exhausting or satiating or neither?" by L. J. Herberg. 
tion for hibernation 


2A i changes during the 
ES o gi $ = and other hibernators cR its 
ible rel ifici rmia in rats,” by N. Mrosovsky. “An applica- 
pence to article the study of the Delboeuf illusion," by 
for a physiological conception of human language, by 


ion: "Experiments on the syntactic aspects of negation," by G, A. Miller. “Ex- 
ents on the pragmatic aspects of negation,” by P. C. Wason. ‘Time discrimina- 
and the indifference interval,” by M. Treisman. 

ion: “Capacity limitations and the span of attention," by D. Jones.* 
nd order in immediate memory,” by G: J. Harrison.* 

: “Comparison of post-rotatory sensation and nystagmus,” by A. J. Benson. 
T "adaptive threshold hypothesis £o account for individual differences in the 
of visual and labyrinthine after-sensations," by J. T. Reason.* 


* Speakers by invitation. 
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Committee, 1964: President: Professor O, L. 
ix Editor: Pratesor O. L Zangeil 
Ordinary Members of the : Dr. R. J. Audley (Hon. 


tary), Dr. R. Davis (Hon. Treasurer), Dr. J. Gedye, Mr. 
Gregory, Dr. C. I. Howarth, Dr. N. Moray, Dr. N. O'Connor, 
Venables (Asst. Hon. Secretary), Dr. L. Weiskrantz. 
following have been elected into membership of the Society : 
3 ; Ph.D., M.R.C. Applied Psychology Research Unit, 15 Ci 
Road, Cambridge. 
8 M.D., Fry College, Cambridge. 
B. Clowes, Ph.D., M.R.C. Psycholinguistics Research Unit, Institute of 


, Oxford. 
W. J. Corcoran, Ph.D., M.R.C. Applied Psychology Research Unit, 15 
Hammerton, B.Sc., M.R.C. Applied Psychology Research Unit, 15 Chaucer 


Kk v ko p# 
o 


Cambridge. 
LM.H Ph.D., Uni of Manchester, Manchester, 13. 
J. G. , Ph.D., MLR. Psychiatry Research Unit, Institute of 
iatry, Maudsley , Denmark Hill, London, S.E.5. 
Myfanwy O. Kerr, B.A., Free Hospital, Gray's Inn Road, Londor, W. 
N. J. S. M. Mackintosh, B.A., Institute oí Experimental Psychology, 1 South 


Irene Martin, Ph.D., Institute of Psychiatry, Ma : 
London, S.E.5. Psychiatry, Maudsley Hospital, Denmark 


` Mary J; Pickersgill, Ph.D., Department of Psychology, University of Lei 
f. G. A. Stretch, Ph.D., Department of iversi 
h .D., Psychology, Queen's University, Belfi 
J. A. Wilson, B.Sc., Department of Psychology, University of Bristol, Bristol 8. 


Davis Howes, Ph.D, Psychological Laboratory, Downin i 
" r ig Street, Cambridge. 
Professor s. A. Miller, Institute of ental Psychology, 1 South Parks R 
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PUBLICATIONS RECEIVED 


JOURNALS 

Psychologica. Annual Periodical published by the Department of Psychology and 
Institute of Psychology, Faculty of Arts, Comenius University, Czechoslovakia. 
1961. English summaries. Pp, 181. 

Ada Biologiae Experimentalis. Vol. XXIII, No. 2 and No. 3. 1963. Editor-in-chief: 
Jerzy Konorski. Managing Editor: Stefan Brutowski, The Nencki Institute of 
Experimental Biology, Warsaw. Published quarterly in issues of 8o pages approx. 
Most papers in English, others in French or German. Subscriptions to Export and 
Import Enterprise “Ruch” Warsaw, Wilcza 46. 

Neuropsychologia. Vol. I, Nos. 1 and 2. Edited by D. Denny-Brown, Cl. Faust, H. 
Hécaen, A. R. Luria, K. H. Pribram, H. L. Teuber and O. L. Zangwill. Published 
quarterly. Oxford: Pergamon Press. Annual Subscription Rates: For libraries etc. 
£10 ($30.00); for private individuals £5 ($15.00). Papers in English, French or 
German. 

Studia Phonologica. Vol. II, 1962. Chief Editor: Hisanosuke Izui. Institution for 
Phonetic Sciences, University of Kyoto, Japan. Papers in English or with English 
summaries. 

Kybernetik: A Journal dealing with the Transmission and Processing of Information as 
well as with Control Processes in Both Organisms and Automata. Vol. I, Part 3, 1961. 
Edited by H. B. Barlow, M. Halle, B. Hassenstein, W. D. Keidel, I. Kohler, K. Küpf- 
müller, H. Mittelstaedt, W. Reichardt, W. A. Rosenblith, J. F. Schouten, M. Schetzen- 
berger, K. Steinbuck and N. Weiner. Published by Springer-Verlag, Heidelberger 
Platz 3, Berlin-West. 6 numbers per volume. Approx. DM8o or $20. 


MONOGRAPHS 


Odor and Olfaction: A Bibliography, 1948-1960. By K. M. Michels, D. S. Phillips, R. H. 
Wright and J. Pustek, Jr. Perceptual and Motor Skills Monograph Supplement 
6-VI5. 1962. Pp. 55. $3.00. > i 

Correlational Methods in Research on Human Learning. By Winton H. Manning and 
d H. Du Bois. Percept. Motor Skills Monogr. Supp. 3-VIs. 1962. Pp. 35. 

00, 

Passages from the “Idea Books” of Clark L. Hull. Percept. Motor Skills. Monogr. Supp. 
9-VI5. 1962. Pp. 81. $3.00. i ' 

Relation between Effort, Tension Level, Skill and Performance Efficiency in a Perceptual 

Motor Task. By Robert G. Eason. Percept. Motor Skills Monogr. Supp. 2-VI6. 

1963. Pp. 20. $1.00. = 

Eye Fixation and Recall of Pictures as a Function of GSR Responsivity. . By Lester 

uborsky, Barton Blinder and Norman Mackworth. Percept. Motor Skills Monogr. 
Supp. 5-VI6. 1963. $1.00. $ t B 

An Interpretation of the Phenomenological Structure of Perceived Motions. By Thomas B. 

* Mulholland. Percept. Motor Skills Monogr. Supp. 2-VI7. 1963. Pp. 18. $1.00. 

BE Conditioning Methodology im Animal meri ds cox ee a 

: Psychological Reports Monograph Supplement 5-VII. 1962. Ep. 29. 35.05. , 
inuous Recording of Spontaneous Runway B > A Normative and Methodological 
Study. By A. C. Pereboom. Psychol. Rep. Monogr. Supp. 2-VII. 1962. Pp. 15. 
1.00. 
ipe» in Psychology. By William F. Battig. Psychol. Rep. Monogr. Supp. 3-VII. 
2. Pp. 16. $1.00. 

The Quick Test io): Provisional Manual. By R. B. d and C. H. Ammons. 

ychol Rep. Monogr. Supp. 1-VII. 1962. Pp. 53. $2.50. A 

Sythology of the Scientist: vp Three Experiments in Experimenter Bias. By Robert 

Rosenthal and Kermit L. Fode. Psychol. Rep. Monogr. Supp. 1963. Pp. 20. 

1.00. 
Constant vs Varied Seri in Pai i ing. By William F. Batti 
vied Serial Order in Paired-Associate Learning. By g 
Du G; Brawn and Doses Nelson. Psychol. Rep. Monogr. Supp. 6-VI2. 1963. 
Loo , 
sonal Structures; I. A Basis for Personal Structures. By Maynard W. Shelly. 


Psychol. Rep. Monogr. Supp. 1-VI3. 1963. Pp.17. $1.00. 
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vU Sher den Grad der ptos Beanspruchung bei hórperlü 
Arbeit. 5 Hugo Schmale, Heinz , and Adolf Vukovich. Cologne 
Opladen: Westdeutscher Verlag. Forschungsberichte des Landes Nord 
estialen, No. 1261. 1963. Pp. 63. DM27.80. - 


BOOKS 
Review in a later issue is not precluded by notice here 


Psychology: A Study of a Science. Vol. 5. The Process Areas, the Person, and Som 
Apphed Fields: Ti Place im Psychology and in Science. Edited by S. Koch 
London: McGraw Hill: 1963. Pp. xii + 967. 104s. 6d. Vol. 6. Investigation: 

Mam as Socius; Their Place in Psychology and the Social Sciences. Edited by 

Koch. London: McGraw Hill. 1963. Pp. xii + 791. : 

Mental Health Booh Review Index, Vol. 8, 1963. Whole No. I3. With an Edit 

in the concept of "scientific literature.” Pp. xv + 68. Sponsored by the 

bl Federation for Mental Health, the Research Center for Mental Health, New 

York U ;and others. Annual subscription $5.00. The Index, c/o Miss 
Library, Queens College, Flushing 67, N.Y. 

Clifford Allen. London: Macmillan. 1963. Pp xiii + m4% 


Birth to Maturity: A in Psychological Development. By Jerome Kagan and Ho 
A. Moss. London: 1963. Pp. xiii + 364. 65s. 
- By Irving Sarnoff. London: Wiley. 106} 


? Dynamics and 

* 57. 

t Par c deal By Magda B. Arnold. London: Columbia University Pres 

The Narrow Pass: A Study of Ki " an i 

Hutchinson. 1963. rd deeper es of Man. By George Price. London 
FB jo (f 6) By Joseph Nuttin. Louvain: Nauwelaerts. 1961. Pp. 7f. 

vx erent e e "n E As Douleur. By A. E. McKenna. Louvain: 
lotivati Rel - . 126. 120. 

M Hill. A Pp. ma 388. € By Dorothy Rethlingshafer. London: McGraw 
bh E dà 76. EY. Edited by I. F. Sluckevski. Oxford: Perg 


Contem 

ndon: 1963. Pp. xv +221. 28s. 

M cod B diy and How to Work Them. By Edgar Anstey. Londoni 
Allen and Unwin. 3 . 116. 158. 

Conceptele Figurale, m K ‘Poss Bucharest: Editura Academei Republic 
Populare Romine. » Pp.473. Lei 16.30. 

enr andes of Personality: Frontier of Psychological Theory. Edited by Silva? 

The oe, oe eet ck. , London: Wiley. 1963. Pp.x + 325. 40s. 
Quest ‘ather. By Phyllis Greenacre. London: Bailey & Swinfen. ka 

Printers, Madea.” maa pa ey By W- T. Adiseshiah. India: United 


Philosophy of Science: The Delaware Sı 
Á : eminar. Volume I 1961-62. Edited by Bernard 
Baumrin. London and New York: Interscience Publishers (Wiley). 1963. E 


* 1963. Pp. 268. 
and Psychological Health 458. 
Pp. xi + 292. sis. yd By Frank Barron, London: Van Nostrand. A 
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ing: The Acoustic Communication of Emotion. By Peter F. Ostwald. Spring- 

eid, Illinois: Thomas. 1963. Pp. xii + 186. $7.00. 

Physiology of Insect Senses. By V. G. Dethier. London: Methuen, 1963. Pp. 

+ 266. 425. 

Principles of Psychology. By Donald J. Lewis. New Jersey and London: 

ntice-Hall. 1963. Pp. xi + 580. 648. 

Computers in Research: An Introduction for Behavioral and Social Scientists. 2 

B F. Green. London and New York: McGraw Hill 1963. Pp. xii + 333. 835 6d. 
Adler: The Man and His Work. By Bertha Orgler. ird Edition (revised and 

T! ) London: Sidgwick and Jackson. 1963. Pp. xix + 266, 30s. 

dings in Mathematical Psychology. Vol. I. Edited by R. Duncan Luce, Robert R. 

lush and Eugene Galanter. New York and London: Wiley. 1963. Pp. ix + 535. 


Psychology: An Introduction to Research and Practice.. By N. D. Sundberg and 

E. Tyler. London: Methuen. 1963. Pp. xviii + 564. 508. 7 

Essays on Psychoanalysis. Edited by Stanley Rachman. Oxford: Pergamon 

ress. 1963. Pp. xiii + 284. 458. 

lor: A Guide to Basic Facts and Concepts. By R. W. Burnham, R. M. Hanes and C. 

James Bartleson. London and New York: Wiley. *1963. Pp. xi +249. 795. — 

: armacological Methods: Proceedings of a Symposium on the Effects of Psychotropic 

Drugs or Higher Nervous Activity, Prague, 1961. Edited by Z. Votava, M. Horvath 

ind ©. Vinař. Oxford: Pergamon. 1963. . 360. £5. o 

Plific Principles of Psychology. By Donald J. Lewis. London and New Jersey: 

Prentice-Hall. 1963. Pp. xi + 580. 56s. 4 

rga ining Behavior. By Lawrence E. sagen and rd Siegel. New York amd 

London: McGraw Hill. 1963. Pp. ix + 308. 69s. 6d. 

omes of Psychosis. By Maurice Lorr, C. James Klett and Douglas M. McNair. 

ford: Pergamon Press. 1963. Pp. x + 286. 70s. x b 

siological Basis of Mental Activity: Proceedings of a held in. Mexico 

, 1961. Edited by Raúl Hernández Peon. Supplement No. 24 to Electroenceph. 

Neurophysiol. London: Elsevier. 1963. Pp. ix + 283. 182 illus. gos. 

Eri of Electric Circuits in the Behavioral Scene By Tom N. Cornsweet. 

d New York: Wiley. 1963. . Xi 4- 329. . 

d Behaving: Bund A dae Material Cybern sy James K. Feibleman. 

ngfield, Illinois: Thomas. 1963. Pp. vii + 275. $10.50. 

E of Counseling Techniques. RA re Harms and Paul Schreiber. 
: Pergamon Press. 1963. Pp. vii + 506. 

al Concepts: A Program for Self-Instruction. By Celeste McCollough and Loch 

E London: McGraw Hill. 1963. Pp. xv + 367. 46s. (Paperback Edition 


in Brain Research. Vol. I. Brain Mechanisms. Edited by G. Moruzzi, A. 
ard and H. H. Jasper. London: Elsevier. 1963. Pp. xix + 493. 1498. 


" PAPERBACKS 

ue borary Research in Learning. Edited by John R. Braun. Insight Book No. 10. 
London: Van Nostrand. 1963. Pp. vii + 229. 15s. 00. R 

Mate Social Behavior. Edited by Charles H. southwick. Insight Book No. 14E. 
London: Van Nostrand. 1963. Pp. viii + 191. 158. 6d. ; 

in Psychopathology. Edited by Herbert C. Quay. Insight Book No. 11. 
don: Van Nostrand. 1963. Pp. viii + 216. 15s. 6d. : nag ape 
4 eane. Edited by Robert F. s ani Ro C. Birney. Insight 

. 9E. London: Van Nostrand. 1963. .vi- 194. 145. . 
2 in the Wry. Edited by Robert A. Baker. Insight Book No. 12. London: 
n Nostrand. 1963. . Xii + 170. 148. T 

ntal Psychical ee By Robert H. Thouless. London: Penguin Books. 


Pp. 148. 3s. 6d. ; 
of nd Behaviour. By P. L. Broadhurst. London: Penguin Books. 


$. Pp. 143. 35. 6d. 
Hd p the Layman. By F. J. Fish. Bristol: John Wright. 1963. 
` . 6d. 
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BOOK REVIEWS 
Annual Review of Psychology, Vol 14. Edited by P. R. Farnsworth. Palo Ala 
California: Annual Reviews Inc. 1963. Pp. x + 454. $9.00. 

The basic idea of the Annual Review is such a good one that it is difficult to imagis 
what a T bad edition would be like. Even when the reviews provide no more tha 
an annotated bibliography of the year's work, sometimes dully written and poorly selected 
they are still extremely useful as guides to the new literature, more convenient, altho 

exhaustive, than Psychological Abstracts. However, the Review offers in Oppo 
tunity to do much more than this. It presents an opportunity for commenting on, # 
well as ing, work done. Indeed the main criticism of the Annual Review d 


important, failing altogether to comment on the quality of the work. By far the mot 
A E ne are ps s those authors who evaluate the progress of researd 
By these criteria the most satisfactory review this year is the one by Chapanis @ 
. He is properly and discriminatingly appreciative of a few good 
studies as = s work on ca ennication via the skin. He devotes more spa 
than other reviewers to methodological and theoretical papers. But his most importast 
ol dung ion is that he has taken the first practical step towards reducing the avalanche 
third class papers which is making so many of our journals unreadable. He hi 
MN pages of his review to castigating two impossibly bad papers and one goo 
but'if the Ax ney At present the penalties for publishing poor work are very slight 
k nnual Review were to encourage other reviewers to follow Chapanis’ examplt 
would powerfully discourage careless overpublication, 
fature Awnual Reviews man pu. not Se aie cria in E. rr 
ve ded 
been sufficiently discon aan consider whether the worst type of publications haw 


d 
d 
: 
E 


i seriously abou "n T: lier > t Y, 
think should merit this type of Mr aa ees a “little list” of the kind of crime 


i she is Tebok .F. Gibson on perceptual learning. This is 1t 
one of the inventors of the "visual cha ot Proportion of the studies in this area and $ 
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„ and working on, problems of perceptual learning from a theoretical 
different from Gibson's. 
psychology two new preparations, the split brain preparation of 
gastric injection preparation of Epstein, seem likely to yield much valuable 
But perhaps the most satisfying piece of work in this field is the purely physio- 
work of Donner and Rushton on the colour responses of "excitation pools” in 
retina. At last physiological techniques are being developed which may be 
than the purely behavioral techniques which, over the past two hundred 
30, have been so much more significant than any physiological work on this 
Incidentally the chapter on Colour Vision does less than justice to the elegant 
work of Brindley in which he deduces, from purely behavioural data, that 
ents are involved in colour vision, and that rhodopsin is not one of them. 
the Annual Revieto has been an indispensible addition to any psychological 
the future, if Chapanis's lead is followed, it could perform an infinitely more 
It could become the guardian of our scientific integrity. ^ 
C. I. HOWARTH. 


ic Relations and Cerebral Dominance, Edited by Vernon B. Mountcastle. 
London: Oxford University Press (The Johns Hopkins Press). Pp. x + 294. 


1962. 60s " 
Er symposium was held at the Johns Hopkins University Medical School 
Il. 1961, and should be of great value to psychologists interested in brain mechanisms 
haviour. Inevitably, a good deal of interest centres on the "'split-brain" preparagien 
value in neurological analysis, though it is noteworthy that Dr. Sperry does not 
ard the "split-brain" animal as so completely “split” as we have hitherto Been 
Ito suppose. In addition to Dr. Sperry, Dr. R. E. Myers and Dr. J. L. de C. Downer 

"important papers on this topic. Also of interest is Dr, Ettlinger's comparison of 
s of successive unilateral ablations of the posterior parietal cortex with those 
by a single bilateral removal. The results lead him to conclude that in the 
there is a predominantly crossed relation between each posterior parietal area 
formance of the contralateral hand in tactile shape discrimination. Dr. Mishkin 


on human neurological issues are more varied, but concentrate mainly 

ical level between ve effects 
lly equivalent lesions of the two hemispheres. . Teuber and Dr. Weinstein 
Some of the Bellevue work from this standpoint, though do not add a great deal 
material already published. Dr. Brenda Milner describes some interesting 


Dr. M. Critchley and Dr. Arthur Benton. : 


domi i least to Hughlings Jackson, is overdue. At 
ominance, which goes back at Lara. id len as to how this revision 


likely to prove most fruitful. In spite of 


welcome symposium, cerebral dominance remains an enigma. 
- O. L. ZANGWILL. 


Thought and Language. By S. V . Edited and translated by Eugenia Hanfmann 
and Gertrude Vakar. S VygotS d London: MLT. Press and John Wiley & Sons 
1062. Pp. xxi + 168. With separate comments by Jean Piaget. a A 
a book of quite al interest and quality. No reader can il to 

y struck by the ordpmatty and penetration of Vygotsky's observations and 


« - 
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analyse Of the circumstances of his life and work it need only be said that his age 
1917 was 21, that be was deeply inspired by the liberal educational doctrines of Ti 
that be worked in Moscow 


for the first time at first hand to Western readers. 

Vygotsky's aim is the analysis of the relations of thought and language—of co f 
and words— in their genetic aspect. The empirical work done by him and hs f 
© onw the analysis is based is, unfortunately, only very incompletely sketehal 


cumion largely centres round two topics: first, the character and function of inner speed 
and its t in the child via tric speech, and secondly the complicate 


in a primitive sense—from the very outset, and only as its communicative fu 
to be elaborated does its egocentric use come fully into being. Its fate is not 
away but, through a series of stages in which its syntactical and se 


to any other person unacquainted with their internal context. Just as in the exchange 
ot dM M two Pen. ee only key elements of verbal cu 
€ d -n language vehicle of thought, though it may incorporate 
t, however, is not identical with language and the two have se igis 
, parate origité 
Rum m -— of the child. Both phylogenetically and ontogenetically, @ 
an hand n e pre-linguistic of action: on the other, speech develops 
— y hern ve any truly conceptual background. Vygotsky’s account of th 
evolu concepts in the individual is based upon extensive experiments 
himself "- using nw pere familiar in the Vygotsky Sorting b 
^ Concepts appear only a series of es in which classifica! 
9f objects takes place ín accordance with more primitive a First comes 
ese are built on a vague syncretic basis or a8 


result of some i 
of complexes. "Hee the the eene Perceptual field. The next stage is the occurrent 


| 


that no true conceptual principle is at work. The freer Dini reveals, ho 


abstraction of common eee tan d early adolescence, requires not only t 
fresh concrete situations or ibilities. Til ee of the abstracted elements 


eode development can only take place $a 
pes it volution of age to the point where appropriate verbal meaning 


i f t Page. The extended P 2 
exemplified in the classificatory activi analysis of complex-formation, * 
apparently anomalous and irrational features of adult 4 made to illuminate a number 9* 
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Sonar. By W. N. Kellogg. London: Phoenix Science Series, University 
o Press. 1963. Pp. xiv +177. 10s. 6d. 
is now familiar with the work of Griffin on the mechanism whereby bats 
y dexterously in the dark amongst the interlacing branches of trees or similar 
, but actually locate and catch their aerial prey solely byasystem of sonar. In 
consists of a series of ultrasonic pulses which can be beamed and the returning 
d with such precision as to render sight superfluous. Not only are bats able 
jis; they are also able to distinguish between echoes returning from their own pulses 
those from other sources; and they are also extremely adept at discriminating such 
ges from louder noises. It now appears that porpoises and probably many other 
fetates also orient in this manner. Dr. Kellogg has put his work on this subject into an 
c and readable book entitled Porpoises and Sonar. Dolphins and porpoises 
ler and somewhat less overpowering than whales are among the most attractive, 
and intelligent of marine animals. The book outlines many matters of 
aviou; and biological interest in these astonishing creatures. It includes an assess- 
of those rare, but seemingly authentic, instances in which dolphins will play with 
hing children and with divers; sometimes even swimming beneath their so as 
tarry them a short distance before dropping them again. But the greater part of the 
is devoted to the clicking and whining sounds which the author s quite clear 
be a form of sonar by which the Cetacea are able to avoid collision when in the dark 
or muddy water. Clicks used by porpoises for this purpose are characterized 
g the largest peak of acoustic energy in the sonic range although there ùre other 
far above the limits of audibility also present. There may be a series of peaks 
en 8o and 120 kilocycles with smaller peaks at 140, 155 and 170 kilocycles. 
dis also presented that the upper threshold of the auditory apparatus of porpises 
4 Bo kilocycles. This is approaching the upper limit of hearing of the mouse 
es) and the bat (98 kilocycles). There is much yet to belearned. This work 
"way approaches the outstanding achievements of Griffin in analysing the sonar 
of bats. But it seems fairly clear that the animals can determine the distance 
hin limits, the size of an obstacle from which its sounds are being reflected; and 
> e sounds are consistently used to avoid Cures ez pro AX v is donc 
the porpoises must be highly ex at distinguishing th oes from differen: 
of surface and sea bottom. ae wa the most intriguing fact is that all efforts to 
b or jam these echo-ranging signals by making extraneous in noises within 
gl were failures. Even the reproduction of the porpoises’ own sou pulses, which 
n recorded as they swam among the test obstacles in earlier sessions, failed to 
ite collisions when played back to them through an underwater projector. It seemed 
that they were able without difficulty to sort out the genuine echoes from the 
copy. W. H. THORPE. 
ia. By F. J. Fish, M.B., M.R.C.P., D.P.M. Bristol: John Wright. 1962. 
xii + 190. 32s. 6d. da : 
book is offered to the postgraduate student of psychiatry and psychology as a 
of moderate size and ranis The author aimed to present those aspects of the 


& work of indivi tamp and of more than ordinary interest. Aspects 
pas chic, ta the cual xtbooks are over with hardly a glance 


controversies they have caused, here receive extended treatment. 


Chapter I i on an account of the thought disorder of 
enin v a c cin a fair and well-informed presen- 


Cameron, Goldstein, Carl Schneider, 
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should choose to think in such ways seems to him excessively outré. Dr. Fish succeeds 
however, in providing a lucid account which seems to the reviewer both scholarly am 
well balanced. ELIOT SLATER. 


Activation and Behaviour. By Elizabeth Duffy. New York and London: Wiley. 1962. 
Pp. xvii + 384. 60s. 

After re-reading the disarming and properly humble preface it is only with reluctance 
that a harsh judgement is passed on this book. , 

Unification is its stated aim. Dr. Duffy’s intention is “to point out similarities in 
phenomena which might, without focus upon them, be overlooked," and “to present 
psychological phenomena in terms which will harmonize with those of other sciences, 
and to show the relationship of psychology to the foundation sciences upon which it 
rests." Itis with her concept of energy mobilization, re-christened “activation,” that this 
unification within psychology, and between psychology and physiology is attempted. 
* Itis customary to use the term “activation” when referring to changes along a physio 
logical dimension and “arousal” for the correlated behavioural changes. Dr. Duffy 
fails to maintain this distinction. “Activation” and “arousal” or sometimes "intern 
arousal" are used synonymously. The seeds of confusion thus sown, germinate in Chapter 
6 where “internal arousal” and "intensity of behaviour" are equated, and come to fruition 
in Chapter 12 in which the main conclusion is stated, namely that activation (which 
through the mediation of “internal arousal" has been equated with “intensity of be 
haviour") is associated with important differences in behaviour. Even if the reader 
avoids this tautology by interpreting "activation" correctly, the conclusion is mot 
M um remarkable, and it was made available much more economically by Lindsley 
in Table I of a paper in Electroenceph. Clin. Neurophysiol., 1952, 4, 443-56 which 


In the first section of the book (Chapters 1-6) the concept of activation is analysed. 
> second ion (Chapters 7 and 8) concentrates on the sensory and motor effects of 
cp See in activation. The last Section (Chapters 9-11) is concerned with individual 
aba ES bahia After studying these sections, which are well supplied with 
vene sie me er may conclude that, by employing the concept of activation, unity 
achieved. But he may question whether, with Such a wide category as activation, 
is the unification of the descriptive categories 


Ti 1 nctioning of a nervous system. There is als 
the suspicion that Dr. Duffy believes that physiological Bepldtistions are better, ir some 


absolute sense, than psychological explanations. If this is so she is on a slippery slope 
mpty organism brigade. 


J. R. Symons: 


St H 5 "AMET * j 
resistors DOM Differences: Tke Search for Intelligence. Edited b J. J. Je 
ea : 7. +aterson. London: Methuen, 1962. Pp. xiv + d 63s. 

bow a, ie sae in the Appleton-Century-Crofts Century Psychology Series and 

A Wiese nete papers Xs rks to Which the Editors attach 

Thorndike, Binet oe dance 4 Ong the authors represented are Galton, Spearman . 

imf PSU Woodworth, Thurstone, Vernon, Anastasi and | 

perhaps a pity that nothing tty sensible and the Eod uid ipi Ta p, ; br 
ed. . L. ZAN ^ 
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From the University of California, Berkeley, California, U.S.A. . 


This experiment investigates the running memory span for English words of high 

and of low frequency of usage. The running memory span is measured when a sequence 

= of uncertain length is interrupted and the subject is required to recall the most recent 

part of the message. The span for the two classes of words was studied as a function of 

, the length of the message and amount of prior practice. In the early stages of practice 

the span varied inversely with frequency of usage and increased with the lenĝth of the 

_ message. As practice continued, the difference between words of high and low frequency 

was largely eliminated and there was a relative decline in the span for the longest serjes. 

- The major variables which are assumed to determine the length in the span are (7) the 

number and strength of pre-experimental associations of the items; (b) intraseriab and 

interserial interferences developed during exposure to the series, and (c) the subjects’ 
Strategies of deliberate rehearsal. 


E INTRODUCTION 


The capacity for short-term storage of information is conventionally measured 
by the immediate memory span, ie. the number of discrete units that can be 
reproduced in correct serial order after a single presentation. The standard 
procedure for measuring the span is to expose the subject to series of varying length 

and to require ordered reproduction of each message in its entirety. The definition 
of the span implied by these experimental operations has, however, limited 
= generality. Short-term storage is not confined to discrete messages falling within 

the span of immediate memory. When a sequence in excess of the span is presented, 
~ Some parts of the message can be reproduced correctly even though the entire 
. Sequence cannot. As the sequence progresses, the particular parts available for 
= Teproduction change continuously, i.e. old items drop out and new ones are added. 

As Waugh (1960) has suggested, the immediate memory span can be given a widely 

applicable definition as the length of a subseries within a longer series that can be 

recalled correctly after a single presentation. Such subseries are measured from 

Teference points within the longer series. The beginning and the end of the series 

Serve as the reference points for the determination of the initial and terminal span, 

respectively, By this definition the classical span based on the reproduction of the 

entire series represents the special case in which the initial and terminal spans 
coincide, 

. The position of the appropriate reference point in the determination of the 

immediate memory span depends on the segment of the total series which carries 

the information that is considered essential at the time of the test. The terminal 

Span is critical when a continuous sequence is interrupted and the subject is 

required to recall the most recent parts of the message. This requirement obtains 

M practical situations in which questions about continuously changing events must 

* answered periodically. When the subject remains uncertain about the length of 


8r 
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the series and hence about the point at which a test of recall will occur, the number i 
terminal items reproduced in the correct serial order defines the running memory 
span (RMS). 
An extensive investigation of the major variables determining the RMS for 
decimal digits has been reported by Pollack, Johnson and Knaff (1959). The RMS 
was found to be consistently lower than the span obtained when the subject had 
advance information about the length of the series preceding the test. Both typs 
of span showed some decreases with the length of the series but this decline was more 
pronounced for messages of uncertain than of known length. These differences were 
maintained over an extended period of practice. Pollack, Johnson and Knaf 
suggest that the accuracy of the terminal span and the differences between the results 
obtained with series of certain and uncertain length are a function of (a) the amounts 
‘of proactive inhibition falling on the items to be recalled, and (b) the “behavioural 
strategies" adopted by the subjects. The earlier parts of the message are assumed 
to interfere with the later parts, and the longer the total series the more opportunity 
there is for such interferences to develop. It is known that the amount of proactive 
interference increases as a function of the amount of prior learning (e.g. Keppel and 
Underwood, 1962; Underwood, 1945). The same relationship may be expected to 
hold for a continuous series, especially in the absence of distinctive cues for 
differentiating among successive parts of the message. The subject can, however, 
reduce the amount of effective interference by ignoring the early parts of the message. 
Such a strategy can be carried out more successfully when the length of the message 
is known than when it is uncertain. In the absence of information about the length 
of the series the subject may start active rehearsal of the terminal items either too 
early or too late. 
It appears that the RMS provides a method for assessing rapidly accumulating 
proactive interference. Exploration of the conditions determining the RMS fw 
den other than digits, and especially verbal units, thus becomes of interest 
seien pede view of interference theory. There is considerable evidence that 
p ive inhibition Plays a major part in determining the long-term course dí 
forgetting for materials learned in the laboratory (Postman, 1961a; Underwood, 
1957). For well practiced rote series proactive inhibition develops slowly during the 
retention interval (Postman, 1962a; Underwood 1949) but recent findings show that 
a interference accumulates rapidly in the recall of Verbal units "à which the 
Teaco Snes “ae exposure (Keppel and Underwood, 1962; Murdock, 1961): 
ut thts ferent Ar RES therefore, that the RMS will be sensitive to the conditions 
The present experiment c did Ie RS for Engl d low 

e or English words of high an 
frequency of usage. The. hypothesis was tested DIR dascentibility te inter-item 
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on the opportunities for extinction and recovery of competing responses. The 
conditions under which the RMS is measured make it likely that interference will 
increase more rapidly than positive transfer as a function of frequency of usage. 
The series is presented only once so that there is little opportunity for unlearning 
erroneous associations. Furthermore, exact reproduction of the serial order is 
required, and it is known that the rate of misplaced responses increases sharply 
with the frequency of usage of the items (Postman, 19615; 19620). 

The difference between the RMS for words of high and low frequency was 
investigated as a function of the length of the message and the amount of prior 
experience with the learning materials and the experimental conditions. In the 
X pel dur B pe : 
light of the findings of Pollack, Johnson and Knaff (1959), these variables may be 
expected to influence the amounts of proactive inhibition falling on the terminal 
items and the development of "behavioural strategies" for reducing the amounts of 
effective interference. 

METHOD 
Materials L 

The stimulus items were two sets of 20 two-syllable nouns each. Set HF consisted 
of words of high frequency of usage classified as A or AA in the General Count of 
Thorndike and Lorge (1944). Set LF comprised words of relatively low frequency of 
usage; for these items the median frequency of occurrence in the General Count is 22, 
with a range from roto 39. (The General Count gives frequency of occurrences per million 
words. The frequency for words classified as A is between 50 and 100, for those classified 
as AA in excess of 100.) Norms of free association were available for the items. _The 
frequency with which the members of a set elicited each other in the norms was zero in 
the large majority of cases and in no case exceeded o'I per cent. Since normative clusters 
were excluded, the possible differences in inter-item associations were limited essentially 
to those developed during exposure to the stimulus series. Y 

Series of 10, 15 and 20 words were constructed from the words in each set. There 
were two different lists at each length. For the 20-item series, the two lists presented 
random sequences of all the words in a set. The two 15-item series had 10 words in 
common, and five words were unique to each list. There was no overlap between the 
words used in the two ro-item series. Thus, length and overlap between the two lists 
Were Correlated. 

Design 
_ There were 12 experimental groups of 10 subjects each. Half the groups were tested 
With words from Set HF, and half the groups with words from Set LF. The groups were 
exposed to all six lists of the appropriate frequency, i.e. two lists at each of three lengths. 
5 counterbalanced design was used so that each list was assigned once to each ordinal 
Position in the sequence of six tests. For a given group, each length occurred once in 
ne of the first three positions and once in one of the last three positions. Since each 
length was represented by two lists, every possible combination of length and ordinal 
Position was given to 20 subjects. 
Procedure 
The lists were recorded on tape and ted at the 
presented at : : 
oo tones marked the end of casti series. The subjects were provided with a record 
Ooklet and were instructed to start writing down as many of the terminal items as they 
Could as soon as they heard the tones. The instructions made it clear that as many words 
aS possible should be reproduced in the correct serial order, and that the reproductions 
Ed be scored with the last item as the point of reference. Since recall was written, 
€ Subjects were free to put the items down in any order they chose. Sixty sec. were 


rate of one word per second. 


allowed for : tw the end of a test and the 
recall, and there was an interval of 1o sec. between the e: 
ud of the next series. A different page of the record booklet was used for each test. 
ubjects 


mete Subjects were 120 undergraduate students at the University of California. They 


* run in small groups averaging four in number. Assignment of successive groups to 
tonditions was ETUR S fied ofa table of random numbers, with the restriction that 


Tomes 
Sts with Set HF and Set LF were alternated. 
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RESULTS 

Initial test series 
Performance on the first test of the experimental session was free from the 
effects of practice and transfer between successive lists. Thus the results of the 
initial test permit an assessment of the variables influencing the terminal span in 
the absence of any advance information about the composition or the length of tle 
message. Figure 1 shows the mean RMS for words of high and low frequency of 


FIGURE 1 


Mean terminal span 


20 
Length of series 


Mean RMS for first test series as a function of word frequency and length. 


usage as a function of the length of the series. Each mean is based on the scores oí 
x subjects. The span is significantly greater for Set LF than for Set HF (F = 6'57 
“A z ite r2 * P < 002) The RMS also increases reliably with the length af 
pin ; z 3:25, d. f. = 2/ 114,0:02 < p < 0:05). The increases are negatively 

or Set LF and positively accelerated for Set HF, but the interaction 0! 
length and word frequency is not significant (F = 1:57) ) 


TABLE I 


Mrz. 
AN NUMBERS OF ITEMS REPRODUCED ON First Test AND RMS as PER CENT. 
OF TOTAL RECALL 


Set HF | SALF 


Lengt a a = 
Pin si E Ne Per cent. Mean No. Per cent. 
—————— MOTA its RMS items RMS 
10 " DG ieee 
15 ba 34 4°90 43°9 
20 45 3r4 5:35 51:8 
RE 46-8 5:45 49:6 
Table I shows the m 


ean i ; 
regard to serial order, Th numbers of items reproduced on the test of recall without 


RMS which are based Stee Ra are substantially higher than the values of th® 
numbers of responses tend ind «reproductions of the serial order. The tof 
for Set HF than Set LF A DUE with the length of the series and to be lar? 
between the two sets cf : e latter finding indicates that the difference in RV 

of words is determined entirely by the accuracy of the seri 
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order rather than by the availability of responses. This conclusion is clearly 
supported when the values of the RMS are expressed as percentages of the total 
amount recalled. These percentages are independent of the level of recall and 
reflect the subjects’ ability to discriminate errors of serial position and to limit their 
reproductions to correct sequences. As Table I shows, the mean percentages 
increase as a function of the length of the series and decrease with word frequency. 
The differences between the two sets of words are, however, limited to the two 
shorter lengths. An analysis of variance of the percentages (following arc-sine 
transformation) shows word frequency to be a significant source of variance 
(F = 5:80, d.f. = 1/114, 002 <p < 0:05). The effects of length and the interaction 
of length with frequency fall short of significance (F's of 2°10 and 2:07, respectively, 
d.f. = 2/114 for both). 
Practice effects 

In order to evaluate the influence of practice and transfer on the RMS, the 
results of the first and second half of the experiméntal session were compared for 
each length of series. As was indicated earlier, each length was used equally often 
in each ordinal position and for a given group appeared once in the first half and once 
in the second half of the session. Thus, the scores for the two halves, Which are 
shown in Table IT, represent the averages for the first three and last three ordinal 
positions, respectively. oe 

= 
TABLE II 


Mean RMS anp Per CENT. THAT RMS 15 oF TOTAL RECALL FOR FIRST AND 
Sreconp HALF OF EXPERIMENTAL SESSION 


Set HF Set LF 


SS 
First half Second half First half Second half 


Per cent. 


E Se rene 
Length | Mean | Per cent. | Mean | Per cent. Mean | Per cent. | Mean 


—— 


1o 2:00 38:5 2:80 50:8 2:17 41:0 2:58 461 
E9 2:05 378 2-82 46:9 2:67 495 3:07 52:7 
20 2:50? 454 2:72 4r6 2:73 494 2:57 4r6 


. The pattern of RMS scores for the first half of the session is essentially the same 
as that described for the initial series. Performance in the second half of the session 
Was significantly better than in the first half (F = 23°50, d.f. = 1/118, p< 01001). 
The amount of improvement was, however, substantially greater for Set HF than 
for Set LF, and also was almost entirely limited to the two shorter lengths of series. 
Order of presentation interacts significantly with word frequency (F = 5:10, d 
1/118, o-02 < p < 0-05) as well as with length (F = 5118, df. — 2/118, p < 0-01). 
It may be noted in Table II that the changes between the first and second half 
follow essentially the same pattern when the RMS scores are expressed as percentages 
of the total amounts recalled. Thus, the difference between the two sets of words 
is eliminated with practice. In addition, there is a change in the relationship between 
length of series and RMS. Whereas initially the RMS increased with length, the 
longest series showed a disadvantage in the later stages of practice. This conforms 
"d results for digits obtained by Pollack, Johnson and Knaff (1959) with practiced 
ects, | 
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Serial-position curves in recall 

While the RMS increased with practice, the distribution over serial position: 
of the responses outside the span did not change systematically. The results 
obtained at all stages of testing were, therefore, combined for purposes of plotting 
the serial-position curve for series of a given word frequency and length. Each of 
the curves shown in Figure 2 is based on 120 cases (60 subjects tested twice). The 


FIGURE 2 


10 172 
Serial position 


Bie : 
Serial-position curves at recall as à function of word frequency and length. 


f i recall. whi : 

bib dia ER which are plotted against serial position during presentation, 
i i = Span as well as responses falling outside the span. For tht 

recency effect is obtained. In spite of their 


for the 20-item series, aieas 3 
both types of words. ded in the primacy effect with length obtains for 
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from the initial segment of the list is inversely. related to the length of the series. 
Since the RMS is of the order of two to three words and in no individual case exceeded 
seven words, recall of the first three items never contributed to the terminal span. 
Intrusions 

Successive series were drawn from the same pool of words, but only a part of the 
total pool was represented in each of the IO-item and 15-item series. Starting with 
the second test in the experimental session, overt interlist intrusions could, therefore, 
occur during the recall of these series. Such intrusions could not be identified in the 
recall of the 20-item series which comprised the entire pool of items. Tests on the 
10-item series yielded a total of 46 interlist intrusions for Set HF and 39 such errors 
for Set LF. The corresponding totals on tests of the 15-item series were 27 and 19. 
The number of possible intrusions for the ro-item series was twice that for the 
15-item series, and the observed numbers of occurrences closely reflect the ratio of 
opportunities. In both cases the number of intrusions is slightly larger for Set HF 
than Set LF. 1 

To the extent that the same items occur in successive lists, intraserial errors 
and intrusions cannot be distinguished. It is known, however, that there is massive 
interlist interference when different serial orders of the same items arg learned 
consecutively (Irion, 1946). Hence the reduction in identifiable intrusions does not 
in any way imply a decrease in interlist interference as a function of length. On 
the contrary, such interference should increase with the number of elements a given 
test list shares with prior lists. : 

Importations from outside the list occurred throughout the experimental session. 
As subjects became increasingly familiar with the items in the pool the number of 
importations declined. The total number of importations during the first half of 
the session was 39 for Set HF and 36 for Set LF. In the second half of the session 
the corresponding numbers were 14 and r5. There were only minor variations in 
the number of importations as a function of length of list. 


DISCUSSION 


When a subject has no information about the composition or probable length of 
a message the RMS varies inversely with the word frequency of the items and shows 
some improvernent with the length of the series. It was suggested earlier that the 
strength of inter-item associations increases with frequency of usage and that com- 
Petition from such associations interferes with the reproduction of the prescribed 
serial order, The results obtained on the initial test series are in agreement with this 
éxpectation. Since total recall was slightly greater, and the per cent. RMS clearly 
smaller, for Set HF than for Set LF, word frequency appears to have a dual effect — 
E increases the probability of recall but at the same time disturbs the reproduction of 
Serial order. It should be emphasized that there were no normative associative 
Connections among the members of either set. Theinter-item associations responsible 
for the differences in performance were, therefore, established during exposure to 
the stimulus series. It is likely that such associations reflect the development of 
Stable mediational links. 

The finding that word frequency has different effects on amount recalled and on 
RMS shows that the influence of language habits on retention varies with the criterion 
ot performance. The presence of inter-item associations favours recall since members 
Of the series are likely to elicit each other during the test of retention (Deese, 1959). 

t the same time, inter-item associations interfere with the reproduction of serial 
order because there is a high probability that the succession of such associations 
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during the test does not conform to the prescribed arbitrary sequence. au 
results have been obtained in studies of retention as a function of inter-item similarity. 
As similarity increases, there is a progressive restriction in the range of alternative 
responses which favours recall. Reduced discriminability of individual items leads, 
however, to errors of generalization and disruption of associative links (Horowity, 
1961; Underwood, Runquist, and Schulz, 1959). Thus, conditions which raise the 
availability of a class of responses are also likely to generate intraserial interferences 
The RMS which is critically dependent on the accuracy of serial order is highly 
sensitive to such interferences. 

Two factors may contribute to the increase in RMS with length of list in the 
initial stage of the experiment. First, as Figure 2 shows, the shorter the message 
the greater is the amount of interference from the relatively strong items at the 
beginning of the series. As length increases there is a reduction in the number of 
items of comparable competitive strength. After a single exposure, the strength of 
individual competing responses may have greater weight than the sheer number of 
potential competitors. Second, it appears probable that as a message of uncertain 
length continues subjects become increasingly set for the occurrence of the test and 
begin rehearsing the most recent items. The fact that increases in RMS with length 
occur more slowly for Set HF than Set LF Suggests that rehearsal may be les 
effective in the former case, perhaps because of a greater likelihood of erroneous as 
well as correct associations occurring in rehearsal. 

As practice continues, performance on the two sets of words becomes equally 
Proficient. Improved differentiation among the items in Set HF may be responsible 
for the elimination of the initial difference between the two kinds of materials. 
In Successive series subjects are exposed to different f 
items from the same pool and learn to discriminate among them. In agreement with — 
this interpretation, the percentages of RMS to the base of total amount recalled are — 
essentially equal for Sets HF and LF in the second half of the e 


i As was 
suggested earlier, these percentages xperiment. As 


reflect subjects’ ability to discriminate correct 


- t d p between length of series and RMS is also largely 
eliminated with practice. In the second half of the experiment performance actually 


lose their effectiveness. With repeated | 
interserial interferences come to mask 


1 à series the more items it shares with each of the 
preceding ones and hence the greater the probability that the terminal items will be 


materials continued to be introduced. mist over longer periods of practice if neW 


A final comment is in order about the Shortness of the RMS for words which i$ 
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Sthan half as long as the RMS for digits (Pollack, Johnson and Knaff, 1959). 
also have an advantage over words when the memory span is measured by the 
procedure (Crannell and Parrish, 1957) but the difference is not nearly as 
eat. In general, the difference between the spans for the two types of materials 
may be related to the subjects’ pre-experimental experience in dealing with arbitrary 
gs of digits as compared with arbitrary sequences of words. Different serial 
gements of digits are in constant use, and each subject may be presumed to 
Pa vast amount of experience in differentiating among such sequences and 
loping habits for “encoding” them. Sequences of unrelated single words are 
antered and recalled much less frequently. Thus a chunk of information 
ler, 1956) should include more digits than unrelated words, even after some 
imental practice. Such transfer effects of pre-experimental habits gain in 
ance as the amount of interference at recall increases. Hence the difference. 
een digits and words is enhanced in the RMS as compared with the classical 
: span. 
This research was carried out under Contract Nonr 232(90) between the Office of Naval 
h and the University of California. The work was performed at the Institute of 
Leárning which is supported by a grant from the National Science Foundation. 
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Previous experimental work on the origin of the after-effect of seen movement is 
discussed and the relevance of the argument from transfer, which is generally used t» 
demonstrate that the effect is central, is brought into question. The problem i 
reformulated in terms of whether a retinal contribution is necessary throughout the after- 
effect and experiments are described which support the hypothesis that it is necessary. 
It is suggested that perception of the movement after-effect also involves normal movement 
perception, which itself is dependent on the integrity of cerebral functioning. 


INTRODUCTION 


It may be accepted that any perception involves central factors. Retinal 
stimulation is also generally involved in visual perception; where it is not, it is usually 
appropriate to talk of hallucinations. After-effects, however, are a special case! 
something is being seen in the absence of external stimulation, but, unlike an 
hallucination, the nature of the perception depends upon the nature of the 
immediately preceding stimulation. 

If it is true that central 
question which remains concerning the origin of the after-effect of seen movement 
is whether retinal ones are also present throughout. 
has not been posed in just these terms and a great variety of experiments has beet 

d The variety of explanations of its occurrence that has been proposed | 
is only slightly less extensive, but a broad distinction may be made between thos 
laying greatest emphasis on central processes and those on peripheral ones. 


Several experimental approaches have been i i 
x sed. he finding 
from these will first be summarized. ED sm 


(a) Experiments on the effects of antagonistic sti j i) di 
; e gonistic stimulation d t parts of the 
retina, and (ii) corresponding retinal points ON d 7 


(i) Gates (1934) using a rotating spi 
: § spiral, and Wohl, 
Who used mainly the "waterfall illusion," 
the same retina result j 


processes are taking place throughout, then the important 
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Hitherto, however, the question 


ugh with monocular visio 


* Now at Department of p. 
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were presented to each eyeseparately. Itis difficult to be certain in these experiments 
how accurately stimulation was confined to corresponding points. 

As with a single retina, a result in this direction, i.e. the occurrence of two opposing 
after-effects, sheds no light on whether these are dependent on central and retinal, 
or only central processes. 


(D) Experiments comparing monocular and binocular effects 


Durup noticed a marked diminution in length of after-effect if the after-effect 
was observed monocularly after binocular stimulation, and a much greater one with 
monocular fixation and binocular observation of the after-effect. This suggests 
interaction between the visual systems connecting the two eyes. It is not clear, 
however, whether the diminution of after-effect in Durup's experiments is due to 
competitive effects, or whether processes resulting from stimulation of both eyes 
normally have an additive effect. It was decided to make a comparison between 
the effects of using one eye and of using both eyes throughout both stimulation and 
observation of the after-effect. 


(c) Experiments on "transfer" to the unstimulated eye s 


Isaac Newton, in a letter published in 1831, describes how an after-effect resulting 
from looking at the sun with his right eye could be seen with his left eye, “almost as 
plain as with my right eye, if I did but intend my fancy a little while upon it.” , 

Observation of the after-effect of seen movement with the unstimulated eye 
after monocular stimulation has been reported by Wohlgemuth, Hunter, Durup and 
Holland (1957). Hunter obtained the effect with the waterfall illusion only, and not 
with the spiral, although he was obliged to persuade his subjects that the "disturbance" 
they saw after stimulation by the spiral was not an after-effect. It is generally 
noted that the “transferred” after-effect is fainter and Holland finds the average 
duration is shorter. Holland (1957) considers that in so far as the after-effect does 
not transfer it is retinal, but concludes from the amount of transfer found that “little 
doubt can now be held concerning the central nature of the after-effect'' (1960, p. 203). 
Hunter argues similarly, but since he finds total lack of transfer he concludes this gives 
'emphatic support to the retinal character of the after-movement secured from 
Plateau's spiral" (Hunter, 1914, p. 259). Thus both consider the report of transfer 
to provide evidence from which the relative contributions of retinal and central 
Processes can be deduced. Wohlgemuth and Durup, on the contrary, are of the 
opinion that transfer could be explained by the projection of the process taking place 
Mm the closed eye on to the field of the open eye. $ 

Thus there is disagreement on two counts: first as to whether “transfer takes 
place after stimulation by movement, and secondly as to its implications. 

As previous workers had used very few subjects it was decided to discover the 

equency and duration of “transferred” after-effects in a larger group. A 

_ That the implications of transfer are unclear is apparent from the different 
inferences drawn by different workers. The very use of the word begs the question; 
the fact is that the after-effect can be seen with the unstimulated eye open, and the 
stimulated one closed. To say that “transfer” has occurred is to give an interpre- 
tation to this fact, and one whose meaning is not at all clear. It will be argued here 
that the report of transfer does not demonstrate anything about the origin of the 
after-effect. Further examination shows that it is very difficult to give any satis- 
actory Meaning to the concept if it is to be used in an explanatory way to refer to a 
Process, and not simply as a question-begging description. 
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Possible meanings of “transfer” are: 

(t) That the after-effect has literally transferred to the opposite retina. This finds 
possible support in recent reports that centrifugal fibres may be present i 
the human optic nerve (Granit, 1955; Polyak, 1941). However, even Ë 
such fibres exist, their presence would not establish whether or not Processes 
on the stimulated retina were a necessary condition of the after-effect and thus 
the locus of the processes which are to be transferred would still be unclear 


(2) That the after-effect can be seen "with" the unstimulated eye. In normal usage 
“Which eye are you seeing with?” would be equivalent to, “Which eye i 
open?” because seeing normally implies perception of the external world, 
and this is known to be impossible when the eye is shut. In the cased 

4 after-effects this equivalence breaks down, since perception is in fact taking 
place in the absence of external stimuli, and the question, “Which eye & 
seeing the after-effect?" needs a reinterpretation of the word "seeing" 
One might be asking whjch eye received the stimulus inducing the after-effect, 
but in that case it would be false by definition to assert that it could be sem 


with the other eye, and nonsense to enquire whether transfer had occurred. 
(3) That the process taking place after monocular stimulation does not convey 
suficient information to allow discrimination of which eye it originated im 
»» fit does not, it is not very meaningful to say which eye the effect is “in 
, however, since it can be seen with either eye open, one might feel tempted to 
Say it is “in” both, and that “transfer” had occurred. But the use of the 
word “transfer” in this context is not very appropriate if the effect is not 
actually being discriminated by the use of the other eye, i.e. if the report 
Id be the same if that eye were removed. Restricted only to instances 

where discrimination breaks down, the term "transfer" seems | i 
and meaningless, 

Proponents of the argum 


is “central.” However this is 


inappropriate 


Explanation of reports of transfer 

= a here is evidence that the explanation of 
re: cee, pen is tha iscri ui ation of which eye is giving or has given ris 
idee not possible, and since perception is present, and one eye is ope 
C IR Mae pec 1s to lead the subject to say he is seeing the effect 
would be much more difficult to ciam Were possible, then the report of transfe 


(1961) support the hypothesis that in the Eu results of an experiment by Picke 


beste Mes Partly photochemical in nature. After-images t? 
be the normal mechanism of eee (Oswald, 1957) but this is hardly likely £ 
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‘the report of an after-effect “in” the unstimulated eye can only be due to the subject's 
not knowing which eye it is in. Pickersgill (1959) showed that subjects do report 

ansfer" of the after-effect of light from a normal eye, and also from an eye 
ed pressure blind during stimulation, thus providing further evidence of the 


to discriminate. 


perimental techniques 
As the report of transfer is not very informative as to the origin of the after-effect 
movement, other approaches to the problem must be made. 
Craik (1940) followed up an observation by Helmholtz (1924, p. 7) that pressure 
‘the eye causes blindness due to embarrassment of the retinal blood supply and 
ibsequent anoxia, and suggested that “this blindness affords a convenient method 
i blocking the transmission of nerve impulses between the eye and the brain.". 
s demonstration that an after-effect of light could be produced in a pressure blind 
ye he thought confirmed its retinal and photochemical origin. 
If the after-efíect of movement were absent after*anoxia during stimulation, this 
üld suggest either that cerebral participation during stimulation is necessary, or 
that the after-effect of movement is dependent on neural processes in the retina and 
at the effect of anoxia is to prevent an adequate response in the retina. To decide 
een these two possibilities it would be necessary to discover whether an inter- 
fence with retinal processes after stimulation can terminate the after-effect, e If 
s only cerebral it should continue to be visible to the unstimulated eye while the 
mulated eye is rendered anoxic; also, once it has ended, release of pressure in the 
ümulated eye should not be followed by any further after-effect with the return 


vision. 
One problem about this technique is the difficulty of knowing whether the anoxia 
wufficient to prevent all transmission along the optic nerve. The fact that one is 
longer aware of the contents of the visual field is no guarantee of this. In fact 
Taik and Vernon (1941) investigated the relationship between amount of pressure 
donset of blindness. They found that pressure causes a rise in threshold for light 
mmencing after 5-15 sec. and increasing for 30-40 sec. The minimum pressure 
9 produce any loss of vision (about 80 mm. Hg.) is considerably less than that found 
ary by Duke-Elder (1926) to produce complete obliteration of the retinal 
es (about 115 mm. Hg.) 
The likelihood that vascular occlusion is only partial was confirmed by ophthalmo- 
examination of the fundi of a few subjects during pressure on the eye 
gill, 1959). Pressure resulted in almost immediate constriction and 
inching of the vessels at the points of entry and exit, which was followed by dilation 
Ofthe veins above the area of constriction immediately surrounding the papilla, and 
ety marked pulsation of the artery. This was seen to continue for up to 40 sec. ; 
Mplete collapse of the circulation was never seen and the veins remained filled. 
jects usually reported momentary return of vision at some point during 
‘amination. 


Modification of Craik's (1940) technique was found to be necessary. He used 
ormal.eye to control fixation of the anoxic eye and it therefore received the 
Stimulation. It could be argued that this procedure invalidates his own 
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result as an after-effect in the normal eye could have been "seen" in the anoxic | 
His finding is in fact confirmed by Cibis and Northdurft (1948), who stimulated the 
blind eye only; however, in these present experiments a technique was used which 
allowed the normal eye to control fixation, but prevented it from being stimulated ip 
the same way as the anoxic eye. 


METHODS AND PROCEDURE 
Apparatus 


Only the after-effect of movement produced by a rotating spiral has been investigated, 
and the same apparatus was used throughout the experiments. This consisted of a 
Goldring Lenco (GL55) gramophone motor, which had the usual four fixed speeds, 16, 
33, 45 and 78 r.p.m., and was capable of continuously variable adjustment within this 
range. The speeds were guaranteed by the makers not to vary more than 1 per cent, 
¿but only if the motor was kept horizontal. It was therefore built into a box in this 
position, and a mirror placed on the underside of the lid. When the lid was 45^ Open, 
à vertical image of the horizontal turntable was seen in the mirror. The apparatus was 
painted black apart from the turntable, which was greyish in colour. Between the outer 
edge of the box and the lid was placed a cardboard screen in which was cut a circular 
hole 7 in. in diameter; this prevented the subject from seeing any reflection in the mirror 
but that of the spiral and the Surrounding edge of the turntable. The centre of the 
turntable was 12 in. from the front of the box. 4 

Unless otherwise stated, the pattern consisted of four equiangular spirals each making 
1} revolutions, which appeared to unwind increasingly as they left the centre. 

"The apparatus was illuminated by two jointed “Pifco” lamps, holding 60-watt bulbs, 
one being placed on each side and directed on to the turntable. In the experiments 
in a darkened room, distracting stray light was eliminated by draping with a black cloth. 

The precise modifications of the apparatus 
described separately. 

Subjects 

The subjects for these ex 
University. The majorit 
their twenties or thirties. 


needed for each experiment will be 


periments were almost entirely students and staff of Leeds 
y were in their early twenties, and most of the staff were it 


Tnstructions to subjects 


The instructions, which were given orall T arefully 
at the centre of the black and white rol ine Were "I want you to look very c 


I want you to tell me when it has ended, that is, 
as it is now. If, on the other hand, the spiral a 


would have to have be 
a long verbal report by 


i EXPERIMENT I 
A comparison of lengths of after-effect resulting from 


Method and procedure 


aeaa s dens sinum ae ft. from the front of the box, looking through oF 
: . io : 1 
for the illumination of the spiral by 43 T-P-m- was used, and the room was dark exct? 


the two lamps, Under conditions one and two 
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after-effect was observed with the eye or eyes that had been stimulated, With condition 
three, after monocular stimulation the stimulated eye was closed and the other opened. 
There were two trials, one in each direction, i.e. from left to right and right to left. 


Results 
The mean lengths of after-effect on all three conditions are shown in Table I. 


TABLE I 
MEAN LENGTHS OF AFTER-EFFECT FOLLOWING 30 SEC. STIMULATION 


Eye observing the Mean length of after- 


Stimulated eye | after-effect effect in seconds 
| L TI . 
| R 6-6 
| R 11:6 
L Ir3 
R+L 13°9 


A striking overall diminution in length of after-effect in the unstimulated eye is 
apparent. Perhaps more important, 11 of the 25 subjects noticed no effect at all 
in the unstimulated eye, and 5 in one direction only. If the results of only these 
subjects who did find transfer are considered, then the duration still tends to be less, 
but not to a marked extent and not in all subjects. 


EXPERIMENT II 


To determine whether the after-effect of movement will occur if the eye is made 
pressure blind during stimulation. 


Method and procedure 
Subjects were shown the technique of pressing on the outer part of the eye-ball, over 
the lid, in such a way as to produce loss of vision and to keep the pupil unobscured by 
the lid. With a little practice most subjects were able to achieve this condition without 
any difficulty; they were asked to release their eye if they experienced any discomfort. 
s The other eye was used to control fixation, and at the same time protected from the 
Stimulus to the pressure-blind eye by a cardboard screen in which there was a pinhole 
about 1 in. in from the nasal edge. The subjects were asked to hold this in front of 
the "non-experimental" eye and adjust it so that only the central fixation knob could 
be seen through it. They then closed this eye and opened the other to make sure that 
the screen was not obscuring its view of the disc. x i 
» Several subjects found that under these conditions two images were seen, one with 
the "non-experimental eye, through the pinhole, and one with the experimental eye, 
Tesulting in the perception of two separate centres; with slight alterations of the position 
of the screen they usually managed to fuse the centres or adjust them so that they did 
not appear more than about an inch apart. f h 
en this adjustment had been made and the screen was in place the subject began 
to press on the unscreened eye and told the experimenter when he could no longer see 
rough it. A four-spoke 9 in. expanding spiral was rotated for 30 sec. at 45 r.p.m. 
ine subjects were tested in both eyes. 


Results 


No after-effect of movement at all, on either trial, was seen by 8 of the g subjects. 
One subject reported a slight after-effect, but on questioning it was discovered that 
she had been aware of the stimulus as "movement," although not of its details, 
Le. blindness had not been complete. Presumably subjects had been "fixating" 
as all reported seeing the spiral before anything else, and within 2 or 3 sec. of releasing 
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their eye-ball. All subjects had previously reported seeing an after-effect unde 
normal viewing conditions and with the same stimulation period. N 

It would appear at first sight that the after-effect of movement, unlike that of 
light, is dependent on impulses arriving at the cortex during stimulation, and 
therefore that cerebral participation during stimulation is necessary for the perception 
of the after-effect. v" 1 

However, it is also possible that the effect of the anoxia induced by pressure is to 
prevent the retinal elements responding adequately. If it is severe enough to block 
synaptic transmission and produce blindness, then it may well block neural activity 
on the retina. The after-effect of light would still occur in the anoxic eye becauseit 
depends primarily on a photochemical process which is not affected by lack of Oxygen. 
Pressure may be applied to the eye after instead of during stimulation. This would 
allow the initial stimulus to reach the higher centres in the usual manner. If this 
is all that is needed to produce an after-effect, pressure on the eye after stimulation 
should not have any disturbing effect. One could then assume that the result of 
the preceding experiment was die to failure of the message to reach the higher centres. 
If, on the other hand, pressure after stimulation does interfere with the after-effect, 
the possibilities are: 

(a) retinal processes are essential throughout and they can be upset by anoxia 

__ at any stage of stimulation or after-effect ; 

9 


(b) retinal processes are not necessary but stimulation of the eye by pressure 
causes interference with the central processes. 


EXPERIMENT III 


To determine whether retinal anoxia induced after stimulation of the eye would 
destroy or attenuate the after-effect of movement in that eye. 


Method and procedure 


In order that an: 


/ y effects of anoxia should be manifest, it was necessary it should be 
induced and recove: 


T ty completed in a period shorter than that of the normal after-efíett 
for that subject. An attempt was therefore made to select subjects whose length 0 
after-effect was at least 15 sec. and 11 took part in the full experiment. A four-spoke 91? 
expanding spiral was used, and the subject sat about 3 ft. 6 in. from the apparatus 
Stimulation was for 30 sec. at 45 r.p.m. 
In order to demonstrate the after-effe 
eye alone was then stimulated and an 
Observed under each of three post-stimu 


ct, it was first measured using both eyes. M 

y changes in the after-effect in that eye W° 

lation conditions: 

(1) normal observation of the disc with the stimulated eye; 

(2) closing the eye for 1o sec. after stimulation; 

(3) pressing on the eye until blindness was re intaini E 

; orted the pre 

until asked to release the eye. os ; 


Under all conditions the subject effect, 
and, if so, when it ended. Conditi was asked to report whether he saw an after 


UN: ition 2 was the control for 3 as it was found that blindnes* 
was usually reported within ro sec. The Opposite eye was kept covered throughout. 
Results 


All lengths of after-effect reported in Tab : end of 
stimulation to the end of the bou MN ne ue from the 


: effect on the first trial in each condition. : 
C ve subjects all took part in more than one trial, and the E er of trials with 
= tion 3 varied from 2 to 9, depending on the subjects’ expressions of fatigue 9? 
scomfort. In a few subjects both eyes were tested. Conditions 1 and 2 were 7? 
always repeated after each trial of Condition 3 if they were giving consistent results 


EE M — A 
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TABLE II 
Time to end of after-effect in seconds on first trial under three conditions: 
(1) normal observation with the stimulated eye; 
(2) closing the eye for 1o sec. after stimulation; 
(3) pressing on the eye-ball after stimulation. 
The periods during which pressure is initiated and maintained are also shown for each 


subject. N = r1. 
———————————————————— 
A | Length of after-effect 
Period of B A+B | on first trial 
pressure Period Total (sec.) 
before | blindness | period 
blindness | main- of Condition 
| reported | tained | pressure | — 

| Subject (sec.) (sec.) (sec.) I 2 3 

Group 1 I 5 I 6 «| Tus 23 o 
reporting 3 7 3 10 | 16 19 o 

no ; 4 | 12 4 16 20 31 o 
after-effect | 7 12 o 12 24 25 dat 
under 8 II o II 16 20 o 

| Condition 9 9 o 9 MAE 71 17 o 

3 Mean | 9:3 I3 10:7 18-0 22:5 o. 
1 Group 2 2 | 10 5 15 | 22 19 27° 
reporting 5 5 10 15 19 23 28 
after-effect | 6 12 3 15 VNo 26 38 
under IO 9 o 9 12 20 25 
Condition II 7 3 10 17 19 23 
3 Mean 8:6 42 12:8 18-8 214 28:2 


. Note: On this first trial all the subjects released their eye after a period of pressure 
blindness which was less than the length of after-effect in both Condition 1 and Condition 2. 


Six subjects saw no after-effect on the first trial of Condition 3. Further: 

(i) Five saw no after-effect on any subsequent trial. One subject (No. 3) 

thought he did so on one occasion but was doubtful. 

(ii) The total time during which pressure blindness was achieved and maintained 
was on all trials for one subject less than any length of after-effect for that 
subject on all trials under Condition 2. 
For 4 out of the 6 subjects the total time during which pressure blindness 
was achieved and maintained was on all trials for one subject less than any 
length of after-effect for that subject using the same eye in Condition I. 
For the other 2 subjects (Nos. x and 4) the maximum period of blindness 
was less than the minimum length of after-effect in Condition 1 on 3 out 
of 5 trials. 
It Would, therefore, be true to say of all these subjects that there should have been 
Adequate time after the release of the pressure blind eye for an after-effect to have 


een experienced on some of the trials. 

The other 5 subjects, who saw after-effects under Condition 3, reported the 
Movement as being much fainter and harder to discriminate. Furthermore, some 
Tather puzzling but nevertheless consistent results were found. It was noticed that 
if an after-effect did occur after pressure, it would frequently continue until well 
after the normal after-effect would have ended. Further trials were therefore 


- (ii) 
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undertaken with some subjects to discover for how long pressure had to be maintained 
for the after-effect not to reappear. This point varied, but for some subjects pressure 
could be maintained after the end of the normal after-effect, and a further 10-15 se 
of after-effect would be seen, suggesting some kind of lengthening effect. 

This was very marked in subject 11 who claimed a definite after-effect of 9 sec. 
even when the eye was released 35 sec. after stimulation. However, when he was 
retested later, this effect did not occur. 

Closing the eyes for ro sec. after stimulation also postpones the ending of the 
after-effect, but not to such a marked extent. There is a mean rise of 3:6 sec. between 
the first trials on Conditions 1 and 2. This result is significant at the 2 per cent 
level of confidence. ¢ 

There is good evidence that retinal anoxia after stimulation may destroy the after 
effect of movement. Two possible explanations have already been suggested in the 
discussion of Experiment II: (a) the after-effect is dependent on retinal and neuril 
Processes, as seems most likely. The fact that this does not occur in all subjectsis 
not crucial. There are obviously considerable differences in the degree of pressure 
exerted and in the resulting oxygen deprivation; the different amounts of time needed 
to report blindness by different subjects and by the same subject on different occasions 
are evidence of this. A possible objection would be that synaptic transmission is 
not normal for a few sec. after pressure has stopped and during this time the normal 
aftepeffect would have come to an end. This is not very plausible as vision for 
contours is restored almost immediately. (b) The other possible explanation of the 
loss of the after-effect with pressure after stimulation is that it is entirely dependent 


on central processes, but that the pressure in some way upsets the eye and the ability 
to see the after-effect projected on to a background. If that is so, observation with 
the eye which has nof been submitted to pressure should remain unhampered both 
during and after pressure on the unstimulated eye. This is investigated in tht 
following experiment. 

It seems paradoxical that if the after-effect is not destroyed it is potentiated, at 
least in duration; in appearance it is much fainter. The facts that closing ths eye 
after stimulation has a similar effect, and that the after-effect is very difficult to 


see with the eyes closed could be taken to mean thi i i 
x ; à at the adaptation resulting from 
stimulation will not be apparent except in the presence of a further stimulus from 


the same "dimension," to use Gibson's (1 termi i f this 
EN Lonever. renis ni 937) terminology. The mechanism o 


Tod ' EXPERIMENT IV 
o ipe whether a movement after-effect which has come to an end during retinal 
terminated. 7 stimulation will reappear if the eye is released and the anoxic st 


Method and procedure 


Fourteen subjects with fairl f he 
after-eff Ó 8 after-effects were again selected, the length of t 
M AE ulated eye being the most relevant. Details of the 


, after monocular stimulation; 
I(b) when the after. i ud 
psn sheet spe the opposite e was closed and the stimulated €Y* 


2(a) after stimulati 


completely lost in the ENE ed the opposite eye, noted whether vision was 
further after-effect; 


PER ANE ee A RENE Joc a À—————— 0 —— — 
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3(a) this was the same as Condition 2(a); 

3(0) when the effect ended in the opposite eye, the subject released the stimulated 
anoxic eye and covered it, and noted whether any further after-effect occurred 
in the opposite eye. 


The time normally elapsing between the application of pressure and loss of vision 
was determined for each subject. 


Results 

Condition xa. An after-effect in the unstimulated eye was found in all subjects 
(they were selected on this basis). 

Condition 1b. An after-effect was almost always seen with the stimulated eye 
after its ending was reported with the unstimulated eye. It was usually reported 
to be much more marked than it had been in the unstimulated eye. : 


Condition 2a. An after-effect was noted on all trials but one in the unstimulated 
eye while pressure was being exerted on the stimulated eye. After-effects in the 
opposite eye do not show a general tendency to be shorter than in Condition 1a, so 
it is not possible to draw any conclusions from this about the effects of anoxia. 


Condition 2b. When the effect in the opposite eye had come to an end andepressure 
had been released, an after-effect was reported in the stimulated eye on both trials 
by 11 of the subjects. va 

An attempt was made to complete at least two trials in which the subject 

reported, on covering the opposite eye when the after-effect had ended, that he nad 
in fact lost vision in the stimulated eye. This was sometimes difficult; the control 
observations on duration of pressure needed for loss of vision show this is frequently 
almost as long as the after-effect seen with the unstimulated eye and subjects some- 
times reported that vision had only partially gone. However, two subjects reported 
spontaneously that they felt pressure on the stimulated eye was influencing the after- 
effect seen in the unstimulated eye. : 
. The effects of anoxia are sometimes to be seen in the potentiating effect noticed 
in the previous experiment. For subjects I, 3, 4, 5, 6, 7, 10 and 11 in Condition 2b the 
length of after-effect in the stimulated eye is greater than in Condition 1b. This 
Suggests that retinal anoxia influenced the length of after-effect. t 

It also seems reasonable to infer that the after-effect must depend on retinal 
Processes. If it were purely central the two eyes would presumably be equivalent 
after stimulation. One would not therefore expect that when the after-effect could 
no longer be seen with the unstimulated eye it could still be observed with the 
stimulated eye, but this was found to be so. This conclusion could also be based on 
the results of Condition 1b: the use of pressure adds little to the argument (except 
Pethaps through its production of the *Jengthening" effect, noted above). 

Conditions 3a and 3b. Here a more convincing demonstration was attempted of 
the Necessity of a functioning retina for perception of the after-effect of movement. 
< results show that in 7 of the 12 subjects taking part in Condition 3, the after-effect 
Pn the unstimulated eye is dependent on the state of the stimulated eye. The after-effect 
Was seen to come to an end in the unstimulated eye during pressure on the stimulated 
9ne, and to reappear in the same eye when pressure was released. Incidentally, this 
“sult also supports the finding that it is very difficult to discriminate which eye is 
"sponding in certain conditions (Pickersgill, 1961). 1 ; 

d € after-effect of movement seen with the unstimulated eye is, therefore, 
pendent on the state of the stimulated eye during the after-effect. The fact that 

Sresult is not capable of universal demonstration is not damaging to the conclusion; 
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the after-effect is always more difficult to see in the unstimulated eye and in a cera " 

of cases would have disappeared anyway before being interrupted ly 
partial anoxia, so that it would not be expected to reappear afterwards. | 
important fact is that interruption and resumption of the after-effect in the conditions 
described can occur. 


TABLE III 


Lengths of after-effeet in seconds on two trials measured under the following conditions: 
da the oppenite eye, after monocular stimulation ; 

in the sthmatated eye, after any effect in the opposite eye had ended; 

in the opposite eye, during pressure on the stimulated eye-ball; 

LI 
LI 
in the opposite eye, after premure on the stimulated eye-ball had been released. 
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THE ORIGIN OF THE AFTER-EFFECT OF MOVEMENT xor 


Discussion 

ongst the early theories in which an attempt was made to explain the after- 
[ movement, the main candidates were those stressing the importance of 
al factors and those associated with the ocular musculature and innervation. 
7 of cortical participation seems to have been mainly limited to con- 
tion of whether or not attention influences the after-effect. 

Some of the older theories necessarily involve localization of the after-effect, 
eg those which attribute it to fatigue in the ocular muscles, or to eye movements; 
evidence for these is usually indirect, and it rarely sustains the interpretation 
tupon it. Such theories, in any case, have been applied only to the "waterfall" 
d to the spiral after-effect. 

Other theories, e.g. those of Wohlgemuth and Exner, suggest à mechanism which 
consider would give an account of the physiological processes comprising the* 
A locus is suggested, but it is irrelevant to the explanatory value of 
y, and is largely guesswork. : 

e recent workers have indulged less in speculative theories of the earlier 
and have concentrated more on the investigation of specific variables. An 
Dion to this is the more general explanation offered by Eysenck’s theory of 
vidual differences (19554, b). It is assumed that when these differences manifest 
ves in sensory phenomena the underlying causes of the differentiation are 
the occurrence of "transfer" to the unstimulated eye is regardet* as 
ing evidence for this assumption. 

‘arguments from the occurrence of transfer are discarded as invalid grounds for 
ce, on the basis that an after-effect localized in the stimulated eye may well 
orted as being in the non-stimulated eye, then there remains no previous 
mental attempt to localize the origin of the after-effect. 


ET e results of Experiment I show that while the report of an after-effect in the 


mstimulated eye does occur it is by no means universal. Holland (1957) states 


“the "transferred" length is about 70 per cent. of the normal length, and he 


that the relative contributions of retina and cortex can be estimated from this. 


wide variation reported here alone renders this calculation suspect, as one would 


e to suppose the amount contributed by the retina varies from all to nothing in 
subjects. The failure to discriminate which eye 1s the source of the after- 


ay be due to the fact that the stimulus conveys a very reduced amount of 
tion, since it is not affected in the same way as stimuli from material objects 


. eye movements, and closing the eyes. , 
7 The results of Experiments II and III suggest that the after-effect is dependent 
bsence can be shown to 


he retina, since in certain conditions its presence or à 
"nd on local oxygen deprivation. 


1 by moderate degrees of oxygen deprivation s 
lex one. 

e problem about ascribing the after-effect of movement to the retina is its 

The upper limit has not been found, but after-effects lasting from 2 to 

— min stimulation. However, retinal processes with 

ses. from fractions of a millisec. up to over an hour can be found (Barlow 

+1957). Brindley comments “None fits the motion after-effect very well, but 
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I should not expect this as appropriate stimuli have never been tried" 
communication, July, 1959).* 

It has been shown that the after-effect of movement can result from sti 
by stroboscopic pseudo-movement, and Exner showed that movement can b 
stroboscopically when the frames are presented to alternate eyes. This s 
the need, or at least the possibility, of cerebral co-ordination of successive stim 
the perception of movement. There is, however, no inconsistency betwee 
finding and the contention that a retinal contribution is essential during the perg 
of the after-effect. There is, in fact, considerable evidence that cerebral integti 
is more important than retinal for the perception of both apparent and real move 
It was shown by Smith (1948) that alternating stimulation of the two nasal Té 
gave rise to the experience of apparent movement in 7 out of ro subjects; 
„importance of cerebral factors has also been demonstrated in other sí 
Gengerelli (1948) found the perception of phi was significantly better with stimuli 
of the same than of opposite hemispheres. This result was confirmed by Ami 
and Weitz (1951); they also showed that phi was seen more often and app 
more stable with monocular than with binocular stimulation, indicating that 


cerebral factors (e.g. Ettlinger, 1955). At the same time it should be pointed 
that an experiment by Smith (1940) provides evidence of a response to stimuli 
by movement which does not depend on the cortex. Guinea pigs respond tol 
rotating stripes and to steady stripes shown under intermittent illumination 
pursuit movements of the head and eyes alternating with saccadic returns, and # 
Tesponses persist after complete decortication. 
ations from guinea pigs to human beings must be made with cati 
Perder (1961, p. 57) has recently argued that “the effects of rem 
beth "P var Tegra to be Surprisingly similar throughout the mammi 
or dé apd at the perception of movement is comparatively indepen 
ave * i "ur sues also; Riddoch (1917) has shown that percepti¢ 
Urin is the first function regained after occipital injuries causing the i 
all visual abilities: conceivably this is because it 


cerebral factors. 
The writers would | 
x ike >o is ra ed appreciation to Professor G. P. Mer 


» J. (1951). Central : j 

Bartow, H. B I ii aet » 327-32. and peripheral factors in 

the receptive fields of the cots C TLER, S. W. (1957). Changes of organisatiol 
338-54. of the cat's retina during dark ERA J. Physiola 


their normal maintained by prolonged movement stimulation; aft stimula 
and Hint, R. M. (1063). Barge Suppressed for about 30 sec. Yd BARLOW E 
phenomenon and figural after-effects, Nature, 200, 1 see’ explanation of the wat 
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ERROR-CORRECTING PERCEPTUAL MECHANISMS 


BY 


D. P. ANDREWS 
From the Department of Communication, University of Keele 


The metric of the visual field is generally accurate but subject to changes dependent 
on stimulation. It is suggested that these changes indicate how the metric develops 
initially, and that the features of the visual signal which control the metric are the 
distributions of contours and of contour-curvatures over the field. These distributions 
are genetically prescribed for the organism; they correspond well with the distribution 
of these features in patterns derived optically from the environment; hence visual shapes 
and physical shapes are maintained in correspondence. 

Further short discussions concern physiological hypotheses and the extension of the 
above to senses other than vision. 


INTRODUCTION 


We take it for granted that a straight line looks straight, but this is really very 
Surprising. The geometry of our private view of the world tallies rather well with 
that of the physical world revealed by measuring instruments; it also has the same 
number of dimensions. It follows that straight lines are possible in both; but that a 
straight line in the physical world is represented by a straight line in our internal 
visual world is very fortunate, and demands some fine engineering in the visual 
nervous system. We can also locate the position of an auditory click, touch finger 
to toe with the eyes shut, and perceive whether two receding lines are parallel. 
All these performances require very fine scaling in our internal representation of the 
world. How does the nervous system manage these things? 

One possibility is that the system is just very accurately specified. This may 
be called the "telephone" theory; the whole wiring diagram of the exchange is 
Specified genetically. Another view is that there are no pre-ordained connections; 
every cell is potentially in communication with every other, and the correct connec 
tions are set up laboriously by a learning process. Other views fall between the two, 
eng some connections to a processing of the input, and others to heredity; ! 
uu argue for a particular one of these, which I shall call the error-correcting 
ei a aes "ies paper I shall discuss the perception of two-dimensional 
the metrics of other senses. 


nce ensional space formed b 
E y the surface of a sphere. 

imn PO C y SEE be metrics are less easily described. Consider å 
+ H Iu x Pd i 
keeping it plane, the metric will be ES if we now stretch some parts of the she? 
Stretching, we should need to know th 
point; the whole table defines the new 
Surfaces which, if made 


Sed. To measure the parts of the figure afte! 
€ degree of stretch in two directions at ec 
metric, 


of rubber, could be Stretched without cutting to resemble 


: 
3 


ERROR-CORRECTING PERCEPTUAL MECHANISMS 105 


one another, are said to be Topologically Equivalent, e.g. a sphere and a cube. If 
two metrics describe topologically equivalent spaces, we can devise a function which 
assigns each point in one space to a single corresponding point in the other. We shall 
call this a transfer function. For example, in the case of the rubber sheet the 
transfer function would describe where each point is to be found after the stretching. 
Given the metric of the initial state, the transfer function determines the metric 
after stretching. 

An error-correcting device is one which accepts signals containing errors, and 
passes on a corrected signal. This it can do in three distinct ways: 


(i) It "knows" the foibles of the transmitter, which for example always sends 
A for B and B for A; the inverse correction is made. This is analogous to 
the “telephone” theory. 

(i) The device has keys for making changes to signals received; a human 
operator records a large number of messages, and notes spelling errors and 
such. The errors are analysed, and the keys set up to correct them, when 
the operator is sure what the transmitter is doing wrong. This process 
could cope with complex conditional errors so long as they remained constant. 
This process is analogous to adjusting a metric by learning. E 

(iii) Messages are transmitted with check symbols. For instance 6-digit numbers 
could be sent with as many check digits. These represent the sums of 
various combinations of message digits, e.g. rst check digit = 1st + 4th + 
5th message digits. 

Hamming (1950) has shown that this kind of process can be extended to reveal 
errors, both in position and size. A transmitter which sends check digits can 
therefore make errors in an irregular way and still be interpreted correctly. The 
correction can be made automatically and rapidly by any receiver which knows how 
the check digits work. This kind of error-corrector makes use of redundancy in the 
signal (as does (ii) in a rather different way); I shall try to show below that visual 
signals contain an analogous redundancy, which is used to correct the metric of 
Subjective visual space continually. 


Subjective metrics 


Perceptual theories describe the causal chain linking physical stimuli and 
Perceptual experiences. The experimental techniques on which a theory rests may 
involve settings, judgements and statements by observers, but these need not form 
Part of the theoretical model of perception; they are subsequent to the perceptual 
Process and necessary only for transmitting the import of the subject's perceptions 
to other people. Some theorists insist that these actions be included in the model; 

55 exercise can be made consistent, but I prefer the more direct approach. We 
think of visual perception in terms of the world we “see”; this is what we are trying 
to account for, regardless of philosophical creed. We may as well speak in such 
terms also, 

However, it is necessary that any term we wish to apply to subjective space can 
be described in operational terms, lest it be dismissed as metaphysics. The re- 

“scription of phenomena such as illusions presents no problem; an operational 

efinition of subjective metric is more difficult. ] 

Subjective metric cannot always be established. Consider the scale of 
*Pparent loudness, So long as the greater of two physical noises always sounds the 
ie, the physical and subjective states are in topological correspondence; to 
termine the metric, however, we require an independent measure of subjective 
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loudness. We can adopt a measure such as the j.n.d. or the apparent mid-poie * 
between two stimuli. We can then derive corresponding subjective metrics. Bet 
it is meaningless to ask whether Fechner or Stevens is right. To decide this, we 
still need that independent measure of subjective loudness. We may ask, which 
scale is most linear, most stable, or most consistent between persons; but these are 
criteria of convenience, not of truth. 

In the case of visual space, a subjective metric can be established. We cas 
compare any two lines and judge which is the longer. If one is adjustable, the line 
can be made to appear equally long. The physical lengths and positions in space 
of the lines can then be measured. If we repeat this operation using various lines is 
various positions, we obtain a table of data which defines the metric of subjective 
space in terms of that of physical space. One figure is missing in the table—the sie 
-of the subjective units. This is strictly indefinable, but is in any case irrelevant toa 

perceptual theory; the form of transfer functions and other operations are the stuffol 
the theory, If we wished to evaluate the distortions of a camera lens, we might take 
à photograph of some simple gebmetrical objects. A print of any size whatever would, - 
Ei M rte of the lens. 
V space is not unique in this susceptibility. Subjective metrics of some 
thesis, Kinesthesis and sound-location can also be operationally defined. Such 
definition is only possible when perceptual and physical objects can move in their 
respective spaces without losing their identities. We can equate two lines wherever 
they are in the visual field, and then measure them. Measurement is possible only 
because we know that physical objects move without changing shape; this measuring 
can be reduced to detecting the coincidence of points; this performance is unaffected 
by any distortions of perception. 

In the scale of apparent loudness, these features are absent. We do not know 
how large an interval at the quiet end of the scale is equivalent to a given interval 
at the loud end, because there is no corresponding physical object known to be 

which can be moved from one position to the other. Even if a person 


o lary such judgements, we do not know what his criteria are, nor what they 


Eee "i pitch is perhaps an intermediate case; we can use the octave a5? 


though the process does have something of itrariness of 
0 1 g of the arbitrariness 
using the j.n.d. for the same purpose in the scale of apparent loudness. Pitch owes 


and subjective worlds; the quali 


ive and related to time interval in a simple way. 
Some theoretical models of visual space perception 
Our REM space (henceforth | referred to as (I) has some remarkable 
ic ene ne sp peTience optical illusions, figural after-effects, and irregularitio 


: dee thst " horizontal-vertical illusion and Luneberg's (1947) finding th! 


One way n of space-perception are largely theories to explain such peculiaritié® 


eye, are referred to (T) and (t). (D Ë | 
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‘transfer function of the visual system. Its connections ensure a correct 
of metric between (E) and (I) (t) represents "saturation" in the visual 
hich distorts the metric of (I) temporarily. This occurs in the neighbourhood 
ilus contours. After the saturation has worn off, the overall transfer function 
goes back to what it should be, (T). The transformation (t) is a consequence 

ortcomings of the visual cortex in this theory, and is unhelpful to the 


FIGURE 1 
B d 
Visual Receptors Fixed: Internal 
environment transformation « representation 
e (Transmitter of of E 
- — » Visual signals) 
LJ 
Distortion due to 


the other extreme is Hebb's (1949) theory of visual space perception (see 
2). (R) serves the same function in this diagram; all processing other than 
referred to (T) or (C). In this theory the transfer function (T) is supposed 
at birth; a signal at (R) causes activity over a considerable region of (I), 
Some topological correspondence preserved. (C) is a computer 
(C) utilizes all the input to the organism throughout its history. 
e job of establishing exact topological correspondence between (R) and (I), 
oping a metric for (I). This process is supposed to take months. 


FIGURE 2 
Variable transformation (cumulative) 


starts with an (I) in which contours are not even visible, let alone straight 
‘should be. Ms development of contour vision must therefore be inherent 
puter in some way, as must everything else it causes to occur or develop 
er, Hebb's computer has only one organizing principle—that a given 
llses through the nervous system is facilitated by use. It is supposed 
nt variety of connections exists in the first place for the correct ones 
op. It is clear that changes will occur in (T) as a result (amongst other 
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changes), but we require a special kind of change—one which makes (I) becom ^ 
progressively more like (E). This feature Hebb fails to demonstrate convincingly: 
His computer cannot distinguish good and bad changes, but merely exaggerate 
progressively such changes as occur. The system requires a reference criteria, 
and would be unstable without one. Hebb offers eye-movements in this role; ly 
suggests that the eyes tend to move so that prominent features such as corners fil | 
in the centre of vision. The perception of contours, inter alia, is supposed to develop 
in consequence; but I find this part of his argument very unconvincing. 

This kind of computer could be made more plausible if more computer characte 
istics were specified. No system can be truly self-organizing, but we could devises 
computer which organizes its own detailed structure according to principles built4s 
somewhere else. The genetic specification of such a system would be far shorter thas 

«one which specified every connection; it would also be more adaptable, and it seems 
likely that much of the nervous system works in this way. The eye-movement ide 
is the right sort of principle for a self-organizing computer, as is facilitation. Thee 
are just too few forthe job. But in any case, such a system is insufficient! y dependent 
on recent input to explain the visual phenomena listed above; for instance, figural 
after-effects develop in a matter of seconds. Theories involving long-term storagt 
are better suited to account for development of meaning or recognition in (I) 
Pecularities of perceptual geometry can be accounted for with only short-term 
storage available, and used in an automatic way. 

"S. isa a4 T n" = of learned and genetically ier 
perception. arguable that topo of visual space is geneti 

determined, and the metric due to some Pa e Ee There is strong 
Physiological evidence that an important degree of topological correspondence Ë 
preserved throughout the visual nervous system. Also, Lashley (1942) has shows 
that rats at least can perform complex perceptual tasks with only a few minute 

for learning. Let us presume therefore that (E), (R), and (I) are ia 

topological correspondence to start with, and attend only to the metric. 


FIGURE 3 


» the boundaries are undefined. After some experience 
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of values to be expected, the subject is able to classify the weights 
Helson found that the middle category was given to a weighted mean 
Bof all the stimuli presented. This criterion is represented as an independent 
sal input to (C); (C) also computes this weighted mean function. 
son found that colours are averaged in a similar way. (R) receives colour 
lb and (T) transforms all colours according to instructions from (C). (C) 
les the average colour seen throughout the visual field in (I) at any one time, 
odifies (T) to make this average hue more nearly colourless. (All other 
rs are modified to a corresponding extent.) The change is very rapid. The 
listical criterion here is that average hue tends to appear colourless. 
fhe Adaptation Level concept can be extended in one important respect. There 
jo absolute sales of heaviness or hue, so changes in these subjective scales are 
her correct nor incorrect. The zeference criterion in these two examples cannot. 
nt the “true” state of affairs in the environment. However, a metric 
g optical illusions is clearly in error compared with one that does not. 
device might organize a correct metric of visual space if we can find a “true” 
i The uniform distribution of some feature of the visual signal might serve 


@ror-correcling model 

principle can be illustrated by considering the metric for apparent movement 

D. The waterfall illusion can be explained in this way (see Fig. 3). s 
transforms the appearance of motion in (I). It has a unique but initially 

rary transfer function, so that at birth a stationary scene in (E) might be 

Sented at (I) having illusory movements distributed randomly over it. The 

Sfer function of (T) is continually computed by (C) which has two inputs: 

D Data derived from (I) concerning ds/dt for contours. ((I) is assumed 

complete except for representation of motion). 

2) A statistical criterion determining how motions are going to be distributed 

at each point in the field of (I). (This criterion is genetically prescribed). 


Movements to average out. However, suppose that there is a waterfall in (E), 
hat it is fixated. The average motion in the corresponding part of (I) will be 


h ili T . (Actually, this point is never reached, 
ly changed by (C) until it is stationary ( A uin E «d deatur 


ary background; the characteristic of (T) in the affected region, is subtracting 
tain value of movement from all motions, zero or otherwise, so the corresponding 


ompute the transfer function, and the illlsory movement gradually diminishes. 
stationary is substituted for mean 


be correct—only that their errors should be consistent over a period. Since 


ansmission lines are long, and speeds à 5 ` 
nervous system from requirements that might be difficult to engineer. 
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The averaging process mentioned above has not been specified, either in 
of the time interval or the lateral spread over which it takes place. I shall de 
the detailed operation of (C) in the next example. 

For most of the time the metric of visual space corresponds rather well wii 
of (E). Kohler (1951) has shown some startling visual phenomena of adapt 
For instance, if we assume distorting spectacles, (R) gives a distorted output 
reflected in (I). This distortion gradually goes, and despite the distorting I 
we see straight lines as straight once more. It follows that the corresponden 
(E) and (I) is not the result of a constant transfer function, and this applied eg 
to the case before the distortion was introduced. How, therefore, are straight 
seen as straight in the first place? 

Consider Figure 3 once more, this time in the guise of an organizer of 
«metric. (I) has an initially arbitrary metric; topological equivalence is pre 
however. (C) is fo change the metric in (I) until the contours there are on di 
straight in every part of the field. It operates as follows. The right-hand lo 
Figure 4 illustrates the detailed operation. (C) extracts from (I) a pattern of coni 


FIGURE 4 


as in Figure 5. Recent data are h 
are then averaged laterally, to 
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neighbouring points also. The closer points contribute most; the weighting function 
may again be represented by Figure 5 with distance in place of time. (C) now has 
two values for any point in (I), which represent the curvatures in the neighbourhood 
centred there, with a strong bias to proximity; past and present stimuli contribute, 
with a heavy bias to recency. 

These two values control the transfer function, and hence determine the spatial 
metric of (I). The criterion for the change is that it continues until the weighted 
mean curvature values are zero. The result of all this is that the metric available at 
(R) is never used; instead is substituted a metric depending on the statistical 
distribution of contour curvatures. Fortunately, we gain by the substitution; (I) 
generally comes out to be more like (E) than (R's) output, as is shown by the 
experiment with distorting spectacles. The statistic imposed on (I) is true also of 
(E) on average; a curvature is as likely to be concave as convex, so the mean value 
is zero over a period involving normal eye movements. 


FIGURE 5 
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It will not have escaped any geometers that the device has not yet defined 
subjective space uniquely. Any conical projection preserves straightness, so (I) 
might exhibit any of an infinity of conical projections of objects in (E). We require 
à second stage; without it we should be unable to compare distances in our subjective 
md Space. The second part transforms (I) E pw of (T) also, so that on 

e, contours are equally spaced throughout the field. : : 
L From (I) is sid a S of brightness gradient at each point, with no regard 
Lt Now, for a field of uniform texture in random motion in (E) this function would 
The PU distributed on average. Here we have a statistic we can impose on (I). 
function is averaged spatially and temporally as for the curvatures, and (T) 
mm forms the metric of (I) so that the second spatial differential of the average 
devin. IS zero. The metric of (I) is now specified redundantly by the composite 
f be ce, and any incompatibility must be prevented. Let the final transfer function 
| that combination of the two described above, which provides the maximal 
ation with each, This need for compromise might suggest that these two 
Spa anisms are needlessly powerful; the choice of contour curvature and contour 
Was not necessary, and other derivatives of the signal might prove better. 
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I selected these two only because they give a simple account of illusions, figural 
after-effects and other visual phenomena. 
This complete mechanism has two notable properties: 


(1) Curves will tend to get straightened out in (I), whenever the perceptual diet | 
from (E) is biased with curves all one way for an appreciable period. | 

(ii) Regions in (E) of high brightness gradient will be given expanded repre- 
sentation in (I), i.e. any region where a contour falls continuously will become 
stretched at right angles to the contour. 


It is easy to show that such a device exhibits figural after-effects. The “repulsion” 
of visual objects by a heavy contour follows from (ii). A weak contour suffers more 
attenuation by the spatial averaging, and also by imperfect fixation. The ‘distance 

+ paradox" follows, because the integral of scale-change x distance (i.c. apparent 
displacement) will be maximal some distance from the contour causing the 
disturbance. There should be no net after-effect with coincident (I) and (T) figures, 
though eye-movements of any kind will produce some. The opposing sides of closed 
figures will produce some repulsion to complicate this particular issue. The tendency 
for small angles to open is reproduced. Gibson’s (1953) original after-efíect is given 
by (i), and adaptation to distorting spectacles by (i) and (ii) in combination. An 
interesting distortion results from fixating a circle. Clearly there is a limit to how 
mesh the curvature can be reduced; this will distort the metric in a way not under- 
written by (ii). The optimal distortion takes place—local straightening of parts of © 
the circle with little change of area. The effect is like a threepenny bit. 

The view seems already to be widely accepted that most optical illusions are simply 
special cases of figural after-effects. Köhler (1944) was the first to suggest this. 
The characteristic of Figure 5 provides for this: it shows marked bias to very recent 
data, so that illusions appear almost immediately. : 


FIGURE 6 


The second condition imposed on 
in contours being evenly distributed 
of (E) at the best of times. Besides 
are present in a normal input of varyi 
the field, contours tend to be wide 
lower part of the field they are ra 
field, they are more numerous st 


(I) has some interesting side effects. It results 
over (D. Now this is only approximately true 


ERROR-CORRECTING PERCEPTUAL MECHANISMS II3 


expanded, and the lower part slightly contracted, as compared with a photograph 
of (E). These contractions and expansions take place both upwards and sideways; 
this will give rise to spurious curvatures of contours, so the curvature sensitive device 
will reduce the effect. The final result is illustrated in Figure 6, which shows how a 
uniform grid would appear after a normal perceptual diet. (The effect is exaggerated.) 

An object high in the field looks too small. The width of a square looks less 
than its height—the horizontal-vertical illusion. The illusion is reversed in the 
upper part of the field. All these phenomena occur; they were known to the ancient 
Greeks and their architecture incorporated the inverse effects to make the lines look 
fight. Finally, the whole metric is distorted in the way» Luneberg found. His 
colleagues (Hardy e£ al., 1953) have established since his untimely death, that visual 
space is not precisely hyperbolic; if the present explanation is correct, this is hardly 
surprising. (The third dimension has not been discussed. If we assume it is derived 
from the differences between two two-dimensional metrics distorted as above, visual 
space will be approximately hyperbolic.) 


EO -——————— 


Discussion . 


This theory is a functional theory; it describes a series of quasi-mathematical 
Operations. These operations could be incorporated in numerous hypothetigal 
Physiological mechanisms. I do not feel qualified to press any particular ones, but 
Ishould like to throw out a few suggestions. Operations that are complex to describe 
in terms of integration, differentiation, etc., may be embodied in simple and attractive 
Physiological devices. 

As an engineering problem, the transmission of the metric through the visual 
Nervous system is peculiarly difficult; it is likely to suffer distortion at the retina, 
Where some cells are larger than others; in the optic nerve, where the periphery 
s far fewer fibres than the fovea; and at relay stations further in, where varying 
connectivity occurs, There are two types of solution to the problem. (i) To connect 
fach nerve to the right place in whatever gives rise to the metric of (I). This would 
ute the visual system to be made with extraordinary precision, and is in any case 
Meonsistent with adaptation of the metric. (ii) To code the metric at the outset 
à Way not subject to the twists and stretchings of the visual nervous system. 
EB à code is fortunately provided by the environment in the redundancy described 

Ve, so the visual system is spared the job of coding. It is worth reflecting, how 
od the job be done otherwise? A receptor cell is well adapted to signalling 
am being stimulated”; but how could it say “I have six neighbours, each 3 microns 
m me and from each other.” This is the sort of information that would have to 
coded to transmit the metric itself, unless we resort to a "telephone" theory. 
Lateral inhibition could conceivably be cast in this role; time interval might 
Present distance for the purpose. However, adaptation to distortion would be 
arl to account for, Nevertheless, lateral inhibition is probably part of the e 
ad (1961) has shown that its effect is to reduce the whole visual signa i 
E of contours, which is exactly what is required for the first stage o t e 
Hari uter (see Fig. 4). Lateral inhibition involves summation (Barlow, 1953; 
omp Ad Ratcliff, 1958). The latter by itself is required in later parts of the 
E _ Lettvin et al. (1959) have shown that there is a specific response to nuu 
Burt in the frog's optic nerve. Hubel and Wiesel (1959) have EUN E 
Siggest Tésponses to contour-gradient in the striate cortex of the cat. gn t B 

Sts that much of the computer and transformation machinery may be house 
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in the retina, for the periphery at least; processing of foveal signals appears to occur 
at a later stage in the human visual system. 

If the visual system is unable to code such information then can it decode it? 
It is not necessary that the description of the metric be decoded into actual physical 
distance; any sufficient description will do, in whatever dimensions. We already 
have such a description in the average curvature and contour-spacing values which 
control (T). It is as though we were to describe one possible state of a rubber sheet 
by giving the tension in two directions at every point. 

(I) and (T) may actually be layers of cortical cells in the visual projection area 
The activity of the T-layers represents the local expansion in the spatial field, and 
the I-layers display the signals coming in. Two of these in conjunction might give 
rise to stereopsis, and others represent colour and movement. This arrangement 
would have the advantages (i), there are no transmission lines between (I) and (T); 
(ii), the fovea can be represented by a disproportionately large area without affecting 
the metric in any way. 

I should like to reconsidet for a moment the error-correcting decoder of digits 
introduced earlier. The principle of operation is that the signal contains check 
digits. _ The decoder knows what the intended relations are between the check digits 
and the message digits. The signal is therefore redundant, and it is this which makes 
error-correction possible. The visual signal at (E) contains redundancy also, in 
that the incidence of contours and their curvatures, over a period of time, is largely 
independent of the specific data involved. 

It has been shown how the metrics of the two-dimensional visual field and visual 
motion perception might be derived from redundancy of the stimulus pattem. 
This concept can be extended to other metrics. Wherever there is a projection are 
in the cortex, there is a metric to be established, either by preordained connections, | 
by learning, or by autonomous response to stimulus patterns. Kinesthesis, some 
thesis, pitch perception, sound location, and Stereoscopic vision, all have accurate 
metrics. Let us consider these briefly in turn. 

Let us suppose that initially there is a body image and kinesthetic representation, 
however distorted. The actual relative motion ds/dt between any two parts of the 
body is zero on average over a period. This is true for each possible relative position 
of the two parts. Any cyclic movement has no net displacement; displacement © 
the integral of ds/dt. Let us suppose the nervous system brings these things about 
also in the subjective representation of body movements. Metrics for somesthes 
cor eie Nr be eupan modified. „The averaging will make kinesthett 
ie dL A if we assume a non-linear time-weighting function as m 
: : ive been observed. The metrics would be subject to distortion ™ 
states of reduced stimulation following amputation. 
reaa Eo id shown how musical intervals can be established by d 
of pitch. R du. cde ici ratios serve as the pattern for organizing the m i 
with the special qualit re commonly present together. This would be consist 

quality of octaves, the qualities of musical intervals and the absent? 


Py: effects at very high frequencies where harmonics are beyond the audible 
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milar problem to that of the visual field. T 
person will be approximately uniform OV h 
rought about for the subjective metric, it W0 
an interesting after-effect if the metric is 659 
is particularly in need of explanation, êS, j 
a click is small compared with the time requi 
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transmission ; any fixed metric device would have to be incredibly precise, whereas 
1 adjusting-metric device does not even require equal rates of nerve-conduction in 
"he whole auditory channel. 

Finally, the metric of stereoscopic depth may be organized so that texture is on 
Ierage uniform throughout the third demension. Gibson (1950) has presented 
‘Strong evidence that texture gradient is extracted from the visual signal, and used 
Io perceive objects at the correct distance; the same data may very well be fed to a 
ice which organizes the metric itself. 
These latter remarks are highly speculative, though I hope stimulating. In 
particular, the kinesthetic metric is too complex a problem to be stated or solved in 
me paragraph. My intent is only to show that this approach is available with the 
ics of other senses. Whether or not all senses operate in this way, there seems 
to be a strong case that the visual metric is derived from the redundancy of stimulus ' 
patterns. 


_ My thanks are due to Professor D. M. MacKay, Mr. R. J. Paul, and Dr. H. Liebeck 
for patient study of the script and many helpful comments. 
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IS THE WEBER FRACTION A FUNCTION OF PHYSICAL 
OR PERCEIVED INPUT? 


BY 


HELEN E. ROSS and R. L. GREGORY 
From the Psychological Laboratory, University of Cambridge 


It is well known that a given physical input (e.g. intensity of light or sound, legt 
or t of an object) does not ys give rise to the same sensation. For example, 
arrow affect the perceived length of lines (Muller-Lyer illusion) and size affects the 

t weight of an (size-weight illusion). It is generally assumed that the 
. di tial threshold is a simple function of the physical intensity of the stimulus. We 
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ge-weight illusion was chosen to investigate this question as it is large and 
the simplest apparatus. It is only necessary to obtain differential thresholds 
Is of different sizes but the same physical weights to establish whether the 
id is a function of the physical or the apparent weight. This question has 
festigated by Seashore (1896) using a similar method to ours, but we cannot 
h confidence in his results owing to his method for determining the 
and we find his argument self-contradictory. He suggests that Weber's 
ler fitted by the apparent than the physical weight, and that the Weber 
hould be A I/apparent I =C. Surprisingly, he concludes that “all over- 
(of weight) lowers the threshold and all underestimation raises it." This 
his own formulation. Seashore presents two measures of thresholds. 
e limiting method, he accepted the first of three consecutive correctly judged 
; he also gives proportions of incorrect to total number of judgements, . 
procedure here is not entirely clear. He gives no indication of the statistical 
of his results, and his two sets of measures go in opposite directions. 
ginally intended to perform only one experiment, using the frequency 
and presenting the standard before the comparison weight. A second 
was done with the order of presentation inverted in order to discover 
to the constant error in these conditions, and finally a third exferiment 
ertaken lifting the weights simultaneously in order to eliminate constant 
Tn order to reduce to a minimum the number of readings required for,an 
‘significance we had to find a method giving a small variance. It turned 
methods 1 and 3 were satisfactory, while the method used for Experiment 2 
Itisfactory since with this method the variance was high. 
esults of all three experiments will be given; it should be understood that 
not designed to give answers to different questions but are attempts to 
best method to answer the original question. 


‘sets of weights were used: one set 3 in. x 3 in. (Nescafé tins), and the 
1} in. (Kodak film tins). All the tins were painted black. 


It was, therefore, important to standardize the finger-span aired to 

ghts, although they were of different diameter in the two series. deas 
g the lids of all the tins with identical wire loops, which were grasped by 

e ve of whom served in more than 

nt. They were of both sexes, aged between 17-30 years, and were mainly 


: shold caused by different interpretations of the lenses p de 
i i lifted. 

for the order in which the standard and comparison weights were. 
s the subjects were required to hold the weights by the wire loops, using the 
; nger, and to lift and lower them smartly and as 
hand was used throughout, except in Experiment 3, 
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held in each hand. All subjects were tested on both sets of weights; half being tested 
first on the large weights and half first on the small weights, although it turned out that 
order was unimportant. 


EXPERIMENT 1 (Standard first, comparison second) 


Using the procedure described above, the subjects lifted the standard first and 
the comparison weight second. Sixteen subjects were used. 


Results 


In treating the results non-parametric statistics were used, to avoid assumptions 
of normality. Unless otherwise stated, the significance of the difference found 
between the two sets of weights was estimated by the Wilcoxon matched-pairs 
signed-ranks test (Siegal, 1956, p. 75). The detector efficiency is given by the slope 
of the probability curve for the response “heavier” or "lighter"; it does not matter 
which. The standard deviation (SD) (i.e. the slope of the probability curve) and the 
point of subjective equality (PSE) were calculated for the large and small weights 
using the method of averaged z scores as described by Woodworth and Schlosberg 
(1955, p. 205). The use of this method results in a slight overestimation of the SD 
for displaced PSEs. However, the overestimation is small compared to the differences 
in SD obtained, and we accept the method as sufficiently accurate. 

or the large weights the median SD was 11-9 gm., and for the small weights 
13:5 gm. The probability of this difference being due to chance was 0:03 (one tail). 

It was also found that the median PSE was different for the two series. For 
the large weights the PSE was 195-2 gm., and for the small weights it was 192'I gm. 
This difference in “time error" is significant at the 0-02 level (two tails) 


TABLE I 
EXPERIMENT 1: STANDARD First, Comparison SECOND 
PSE SD 
í P eee 
Subject Large Small Large Small 
T | p "E 
I 192-1 187:6 12 118 
: 201-8 196:3 ae 8-0 
193:3 192-8 9* 10:5 
4 198-0 190:2 I x I9'I 
: 190°8 186-0 13:7 13:8 
207-1 199:8 10:7 14:6 
1 195:0 190:7 IO-I 12:6 
: 192:6 194:3 12:6 139 
2 196-0 199-0 12:2 16:2 
É 202:3 187-6 II'9 13:8 
i 1945 199°5 14:2 12:0 
^. 196:8 193:8 10:3 140 
z 1904 I9I:5 I0:6 22:2 
1 195:3 19044 94 14:9 
16 n ie 153 138 
‘ " 199°3 II: 10°7 
Median 195:2 192-1 FUR 13:8 


igni i een PSE, p = o. i . 
Significance of difference between SD, oo EL (Wilma 
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It seems that this experiment provides evidence that the smaller (apparently 
heavier) weights are more difficult to distinguish from their standard than are the 
larger (apparently lighter) weights from theirs. This is a positive result, and suggests 
that detector efficiency is related to apparent weight. Since this is a somewhat 
startling conclusion it seemed necessary to obtain additional data. 

Experiment 2 was undertaken with the comparison weight presented before the 
standard in order to obtain more data on the thresholds but with the time error 
reversed. 


EXPERIMENT 2 (Comparison first, standard second) 


The procedure was exactly the same as in Experiment 1 except that the 
comparison weights were presented in each case before the standard. Sixteen subjects 
were used. 


Results 

The subjects found this condition very difficult: they were instructed to reserve 
their judgement on the comparison weight until they had picked up the standard, 
but they were unable to refrain from making an immediate judgement using their 
previous impression of the standard. Their performance was very poor throughout. 
The direction of the time error was reversed, and the small weights again showed a 
larger time error than the large weights. For the large weights the PSE was 
205-9 gm. and for the small weights 208-r gm. The difference was insignifi€ant 


TABLE II 
EXPERIMENT 2: COMPARISON FIRST, STANDARD SECOND 


PSE SD 

Subject Large Small Large Small 
$ I 211:5 220°5 19°5 27°3 
2 207:7 201-6 1470 I77 
3 215:1 208:8 152 23:6 

4 2141 211:9 17:9 P 

5 209° 207:5 11:7 d 
6 "E 216:9 2470 16:0 
7 204'I 203'I 20'I II'4 

8 208:3 2040 12:2 9:6 

9 192:8 209:1 18:6 14:6 

10 203:8 209:5 10:3 16:3 
I 204:6 202-9 CORE I73 
12 195:3 190:6 18:1 21:6 
I3 202:1 206-0 15:9 I2:5 
14 218-4 215'2 2277 RD. 
r5 204:3 2175 16-1 MI 

16 200-6 19877 143 oa 
Median 205:9 208-1 170 155 


These differences are not significant. 
de 9:39 one tail). The standard deviations were larger for both conditions than 
m Experiment 1, and there was no significant difference between the large and small 
Weight conditions: the SD for the large weights was 17-0 gm. and for the small 


wohts 15-2 gm. Although this difference is in the opposite direction from that of 


Xperiment x, it can be dismissed as due to chance (p = 0°63 two tails). 
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Since this experiment gave results which were too variable, Experiment 
undertaken. In this experiment it was hoped to eliminate the constant r 
lifting the weights simultaneously. This was found to be a simpler t 
Experiment 2 and provided further useful data. 


EXPERIMENT 3 (Standard and comparison simultaneous) 

The procedure was the same as in Experiments 1 and 2, except that the sta 
and comparison weights were lifted simultaneously, one in each hand. 
subjects used their dominant and half their non-dominant hand to lift the st 
though hand preference was found to make no difference. It was hoped that if 
were no difference in the order of lifting the standard and comparison weights t 
should be no "time error." Twenty subjects were used. ! 
Results 

This condition gave a result very similar to that of Experiment 1 andj 
further evidence that the threshold is higher for the small weights. 

The PSE for the large weights was 199:3 gm. and for the small weights 196% 
This difference was not quite significant ( = 0-068 one tail), but goes in the 
direction-as in Experiment 1. That is to say, there is some evidence of a lā 
constant error for the small weights regardless of the time interval beh 
presentation of the standard and comparison weights. 

TABLE III 
EXPERIMENT 3: SIMULTANEOUS 


PSE SD 
Subject Large 
= Shee eel Ua 

1 1973 
2 196-2 
3 196-9 
+ 197-6 
3 192-9 
6 202-6 
7 203: 
8 18444 
9 2103 
10 2046 
x 200-0 
1 200-8 
13 195:9 
14 198-6 
15 200:0 
16 202:3 
17 200-2 
18 207-0 
19 194-0 
20 185:2 


The difference between PSE scores is not signi 
"wr ^N ignificant, p = 0-068 (Wil . 
Significance of difference between SD Scores, p < aoe (Wileoxen), v. 
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Discussion 


We feel justified in dismissing the results of Experiment 2 since the SDs obtained 
were significantly greater than for either Experiment 1 or 3 (f <0-02 on the 
Kolmogorov-Smirnov test for two independent samples, given in Siegal, 1956, p. 127). 
Since the SDs and PSEs obtained in Experiment 1 are not significantly different 
from those obtained in Experiment 3, it seems reasonable to combine the results of 
these experiments. The combined results give a median SD for the large weights 

- of 120 gm. and for the small weights of 14:0 gm. The probability of this difference 
being due to chance is 0:0003 (one tail). The median PSE for the large weights is 
1970 gm. and for the small weights 194:8 gm. The probability of this difference 
being due to chance is 0-005 (one tail). 

The difference between the constant error for the large and small weights is 
interesting since Woodrow (1933) found that the direction and size of the “time 
error" is a function of the physical weight of the standard; heavy standards producing 
à negative “time error,” and light standards a positive one. Our experiment shows 
that Woodrow's results also apply to the apparent weight of the standard; and that 

: E errors similar to the “time error" are present even when there is no time 

terval. e 

It is tempting to think from the direction and size of the threshold change, that 
AII should be regarded as a function of the apparent and not the physical values of 
L The size-weight illusion is of the order of 20 per cent. (we cannot give a precise 
figure, since it fluctuates and tends to lessen during a run) and so, if AI/I were a 
function of apparent weight, the threshold for the small weights should be raised by 
about 20 per cent. The observed SD for the large weights was 12-0 gm. and for the 

- Small weights 14-0 gm. This is an increase of about 17 per cent. which is fairly close. 
Toestablish that Weber’s Law should refer to apparent rather than physical inten- 
Sities would require the measurement of the illusion and of the differential thresholds 

many more values. 

It would be interesting to discover whether these findings apply only to thresholds 
for weights, or whether it is a general finding applying to other and possibly all 
*msory modalities. The question could be answered whenever a consistent scale 

tortion is present. 
at EA SS by U.S. Air Force European Office of Aerospace Research 

^O. A.F. E D! -13. i 
, Two earlier ier weis nae to answer the question posed here, by Miss Jean 
ace and Mr. P. Bryant working with the second author, but through no fault of the 
Üyerimenters their results were not conclusive. Their help is much appreciated. 

Statistical advice was given by Miss Violet Cane and Mr. E. G. Chambers. We wish to 
an ean R. Warren for helpful discussions, Dr. R. Audley for most helpful criticism of 

. "^tatlier draft of this paper, and Professor O. L. Zangwill for advice and encouragement. 
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ESTS OF ALL-OR-NONE LEARNING AND RETENTION 


ny 
JOHN BROWN 
the Department of Psychology, Birkbeck College, University ef London 


ber of recent experiments have seemed to imply that the basic associations ot 
ag are formed in an all-or-none manner. However, the evidence provided by these 
bs has been essentially indirect since the presence ef an association has been 
[by an all-cr-none method, viz. simple recall. By allowing the subject more 
attempt at recall or recognition more direct evidence can be obtained. All-or- 
iming implies that the probability of success during further attempts will be at. 
pe leve! The experiments described show that this is not the case for the 
materials used. On the other hand the uncertainty in bits during further 
was a fairly high proportion of the uncertainty expected on the all-or-none 
For this reason the results may indicate'only a minor breakdown of the 
In a retention test admini: after a week, fewer first-attempt successes 
ch than in the immediate test but, despite this, the uncertainty after a first- 
y failure «4s about the same as in the immediate test. The experiments alwo 
ated a second test of the all-or-none hypothesis. This involved comparing 
loe and. 4-choice recognition scores and recognition scores with recall scores, After 
fons for guessing, these scores should be identical, if the epos is corgect. 
X of this corrected-comparisons test tended to support those of the further-attempts 


INTRODUCTION 


able interest has been shown recently in the hypothesis that simple 
are learned in all-or-none (AON) manner. Two main tests of this 
ious investigators. The first can be 


eplacement test 

ist of paired-associates is presented and learning of the pairs is then tested by 
ing the Stimulus items alone. Any pairs which the subject fails are then 
by fresh pairs and the procedure is repeated with the modified list- 
ive repetitions of the procedure lead to further modified lists until, finally, 
plete list is recalled without error. Rock found that with this replacement 
: error-free trial as 
‘usual non- . Now replacement of partially learned 

mal non replacement procedure. rep thu critetd difficult. 
ly, he concluded that no learning of failed pairs 

» i e ite its ingenuity, this test has two weaknesses. 

is all-or-none. Despite its ingenuity E Len ht 


partial learning does not form a useful basis 
learning. A second and more serious 


ould be explained. A number of investigators have followed up this 
(e.g. Rock and Heimer, 1959; Clark, Dallenbach and Lansford, 1960) but 
'iter's opinion interpretation of the replacement t: 
Ispicious that the replacement 
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the non-replacement procedure (Clark ef al.) and to lead to better retention (W 
and Wogan, 1959). 


The repeated-recall test 

This test consists in testing twice in succession for the presence of an associati 
by a recall method. Estes (1960) argues that, apart from responses resulting frg 
lucky guessing and from the possibility of some forgetting between the tests, ti 
association will either function in both tests or in neither test, if the AON hypothe 
is correct. On the partial learning hypothesis, on the other hand, he considers 
successful recall in only one of the tests is quite likely: if an association is at p 
strength it will only function sometimes. This test of the AON hypothesis can B 
criticized on two grounds. First, successful recall in the first test may act asi 
rehearsal and increase the probability of successful recall in the second test. Seco 
partial learning need not be interpreted to mean that an association is at part 
strength. If it is interpreted to mean that the memory trace carries inadequat 
information, then partial learning is consistent with a low probability of recall ( 
interpretation will be further considered in the final discussion). Failure on both te 
will then be almost as likely on the partial learning as on the AON hypothesis, 
the repeated-recall test is an inadequate method of detecting partial learning. 

Both these tests of the AON hypothesis suffer from a common defect. Th 
test for the presence of an association by all-or-none method: on each test occasidt 
the subject either recalls the response or fails to recall the response. Because y 
this, evidence for or against the AON hypothesis has to depend on what happ 
subsequently and is necessarily indirect. The merit of the test introduced belo 
that it does not measure learning in all-or-none manner. In this respect it resembl 
a test used by Israel (1960). 


The further-attempts test 
Instead of restricting the subject to a single attempt at recognition or recall, 
can be asked to make further attempts when his BI attempt is incorrect. i 
partial — " on further attempts is better than chance, this indicates t 
the following a Such a test differs from the repeated-recall test 
Further fgets — subject is told whether an attempt is correct. | 
diliciniitul NU grt immediately. (3) The subject can be shown wi 
attempt. In the followin Sara that a different alternative is chosen on © 
alternative E experiments, subjects were asked to find the cof 
r among a set of alternatives which were equally likely in the absence! 


inina Pi rring vide results can be analysed in terms of the probability: 
easy to show that V rth attempt given that the first attempt has failed. © 
analysis is more P =P... = pn if no learning has occurred. (This method 

convenient than, but logically equivalent to, an analysis in term 


eliminated.) absence of learning but rises as successive alternatives! 


If the further-attempts test yi iH AS ; ari 
learning, it is of a o inimi Statistically significant evidence for P?" 


expected uncertainty is log(n-l) bi E 
uncertainty can be estimated from the observed values of pr by applyiné | 
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formulae given below. The ratio of the actual to the expected uncertainty constitutes 
an inverse measure of the extent to which the AON hypothesis breaks down. The 
formulae are: 


Upper bound = -> Pr log Py. 


Lower bound = -> (Pr — Prs) (r-1) log (r-1). 
where P, is the probability of success occurring at the rth attempt given that the first 
attempt has failed i.c. Py = pr (I-p,)>. These formulae are adaptations (cf. Pollack, 
1952) of formulae for estimating the redundancy of printed English derived by’ 
Shannon (1951). 


The corrected-comparisons method . 


This is,a second and less direct method of testing the AON hypothesis which 
was also incorporated in the following experiments. The AON n" implies 
that the number of first-attempt successes should not depend on the type of test used, 
once successes attributable to guessing have been eliminated. Thus corrected scores 
in recognition tests with varying numbers of alternatives and corrected scorgs in 
recall tests should all be equal. Corrections for guessing are made on the assumption 
that the subject either knows the correct response or makes a pure guess. However 
dubious this assumption may be in general it is entirely appropriate when the 
hypothesis to be tested is that of all-or-none learning. 


EXPERIMENT Ia 


Estes, Hopkins and Crothers (1960) claimed to get results supporting the 
hypothesis of AON learning (or, strictly, a slightly modified version of this hypothesis) 
when a list of paired-associates consisting of 3-consonant stimulus items and single- 
digit response items were presented at a rate of 8 sec. per pair. It was therefore 
decided to see whether evidence obtained by using the further-attempts and corrected- 
comparisons tests would also accord with the AON hypothesis. A single presentation 
of the list was followed by either a 2-choice or a 4-choice test condition during which 

stimulus items alone were presented. The subject was required to find the correct 
response to each stimulus item among two alternatives in the 2-choice condition and 
among four alternatives in the 4-choice condition. 


Lists METHOD 

An N-L and an L-N list each containing ten pairs, were prepared. The N-L list 
ias intended as a practice list and consisted of 3-digit stimulus items (digits from 1 to 9) 
ollowed by one of the four letters A, B, C, D, as the item. The L-N list 
ip tod of 3-consonant stimulus items followed by one of the four digits 1, 2, 3, 4 "1 
the Tesponse item. The stimulus items were selected randomly without constraints n 

e items were selected randomly but with the constraint that no item Lisp 

Dore than three times, The object of this constraint was to minimize the effect of any 
R bias in favour of one of the letters or digits. 
cape chipboard. Thi 
boar i f hardboard fixed to 4 in. chipboard. The 
Eee E " paper (the test-sheet) which covered the board. 
small circle. The circle was directly above 
for a correct and shallow for an incorrect 
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alternative. The subject pressed through the paper with a stylus in order to determine | 
the depth of the hole and in doing so left a record of his attempt. The stylus consisted 
of a small electrical screwdriver cut to such a length that the whole of the shaft wou 
disappear down a correct but not an incorrect hole. For the 4-choice condition the test 
sheet contained ten rows of A B C D in the left half and ten rows of 1 2 3 4 in the right 
half. The 2-choice test sheet was formed by omitting two alternatives from each row | 
in such a way that the correct alternative was on the right and the left equally often 
The presentation apparatus 

Owing to the fact that subjects needed to see their response boards, it was necessary 
for presentation to take place with the room well illuminated. Projection methods were 
therefore discarded in favour of direct viewing of cards on which letters and numbers 
2 in. high were stencilled, the stimulus item in black and the response item in red, An 
unorthodox but effective card-changer was constructed in which the cards hung one behind 
another on separate fuse wires. These fuse wires were then blown from the front at 
*8-sec. intervals by an appropriately connected uniselector and timer. As cach fuse blew, 
the card hanging from it dropped smartly from sight leaving the next card exposed. 
Procedure 


At the outset of the experifnent the nature of the task was explained and the 
composition of the stimulus and response items of the first list was stated. The ten pairs 
of the N-L list were then presented one at a time at a rate of 8 sec. per pair. Afteran 
interval of 8 sec., the stimulus items were presented alone at the same rate but in a different 
order: subjects had been warned of this change in the initial description of the task. 
As each stimulus item was presented, the subject attempted to find the correct alternative 
9n his response board and continued to make attempts until he succeeded. The first 
row of alternatives related to the first stimulus item, the second row to the second 
stimulus item and soon. The procedure was repeated with the L-N list after an interval 
of several minutes during which the composition of the items of this list was stated. 
Subjects 


The subjects were university students and were tested in s of 

; e iS three separate groups 
ei EE sce subjects within each group were allocated to the two conditions at 
random. In addition, 5 subjects participated in the experiment but failed to carry owt 


the instructions correctly with either list. 
; RESULTS : 
fez The 4-choice Peay will be considered first. Table I shows the probabilities 
cess occurring at the 2nd, 3rd and 4th attempts (p. d ctively 
e ; > ; Ps and p, respecuss 
obtained by averaging over all subjects. On the Eo hypothesis we expect 
Pe = P= p, In Table I, P2 1s greater than p, or p, for both lists and p; is virtually 


TABLE I 


PROBABILITIES OF Success OccunRING on THE First, SECOND, THIRD AND 
FOURTH ATTEMPTS 


Expt. Ib Expt. II Expt. II 


L-N | WordsI| Nos. I | Words 11| Nos. I 
| 


N-L 


9:559 | 0:579 
0'245 0:259 
0:197 0:162 


0:868 0:708 0:705 0:588 
0:085 0185 0-195 on 
0:032 0056 0:065 ort 

0-016 0'051 0:036 


equal to p, for the N-L li 3 e 
in the direction eodd. and greater than p, for the L-N list. These trends 4 


i : Y 4 e 
expected to differ most Pre: partiallearning hypothesis. Since p, and p, % 


this hypothesis, a simpl TN f eac 
t ; es ; & simple test of the significance 0! 
rend can be obtained by examining the relation of ps to p, for ea dual subject 
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Consider the group of subjects for whom p, > p, and the group for whom p, < Pe 
On the AON hypothesis we expect equal numbers of subjects in these two groups. 
On the partial learning hypothesis we expect more subjects in the group for whom 


ps Ps (Moreover, since this is the only alternative hypothesis, a one-tail test of 
significance might well be justified.) The number of subjects in these two groups 


did not differ significantly for the N-L list (0-05 < p < o1) but did differ 
significantly for the L-N list (p < o-or) on two-tail tests. Table II shows the upper 
TABLE II 


UPPER AND LOWER BOUNDS FOR THE UNCERTAINTY AFTER FAILING THE 
First RESPONSE 


Expt. Ia | Expt. Ib | Expt. II | Expt. II 
N-L | LEN | N-L L-N | Words I | Nos. I | Words II | Nos. II 
UB 1:576 | r:531 | 0-991 0-961 1:275 1:314 1:246 1:381 
LB e 1456 | r31o | 0-890 0:790 o:810 0:866 0:776 0:977 
E 1585 | 1:585 | 1000 | rooo | 1:585 1:585 | 1585 d 1585 


UB — upper bound, LB — lower bound, E — uncertainty expected on AON hypothesis. 
Uncertainties expressed in bits. e 


and lower bounds for the average uncertainty shown by subjects after failing on their 
first attempt: in both cases the expected uncertainty on the AON hypothesis is 
log, ie. 1-585 bits. Assessed in this way the results do not depart much from what 
is expected on the AON hypothesis, since even the lower bounds are 80-90 per cent. 
of the expected uncertainty. 

The comparison of corrected scores was confined to the L-N list since, in the case 
of the practice list N-L, a number of subjects failed to continue their attempts until 
the Correct alternative was found on every row. Scores were corrected for guessing 
by subtracting the number of incorrect first-attempts divided by (n-1) from the number 
of correct first-attempts: this is appropriate because in a test with n alternatives 
an unlucky guess is (n-]) times as likely as a lucky guess if learning has been all-or- 
none. The corrected 2-choice and 4-choice scores were compared by the Mann- 
Whitney non-parametric test (the distribution of scores being non-normal) and were 
found not to differ significantly. However, there was considerable variability between 
Subjects and the 2-choice mean was 4:8 whereas the 4-choice mean was only 3:8. 

The 4-choice results appear to provide significant evidence for at least some 
Partial learning. However, 4-choice subjects had up to four alternatives to examine 
and test in the 8-sec. interval between successive stimulus items. Since a number 
of subjects failed to find the correct alternative on a number of rows of the response 
Sheet, this suggests that 4-choice subjects were performing under an undue time 
Stress. Tf haste can lead to the selection of the wrong alternative on the first attempt, 
this might explain the greater frequency of second attempt successes as compared 
With third and fourth. It was therefore decided to perform a further experiment 
In which only three alternatives were provided on each row of the response sheet 
and in which subjects were instructed to make only two attempts to find the correct 

ternative: here it is still possible to determine whether second-attempt successes 
ate more numerous than they should be on the AON hypothesis. ; 
th € time stress under which 4-choice subjects were apparently working affects 
e validity of comparing corrected 2-choice and 4-choice scores. In any case, the 
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comparison was inconclusive since no significant difference was found despite a 
moderately large difference between means. 


EXPERIMENT Ib 


In this experiment a further group of 29 university students were tested undera 
3-choice condition. They were instructed to make a second attempt to find the 
correct alternative on each row of the response board, if their first attempt failed, 
but not to make a third attempt. The same lists were used as in the previous 
experiment. The paper,sheets covering the response boards carried only three 
alternatives per row: the first, second and third alternatives were correct on at 
least 3 out of the ro rows. 

All subjects performed the task according to the instructions on all rows with 
both lists. This suggests that they were not working under an undue time stress. 
Table I shows that p, was higher than p, for both lists. Significantly more subjects 
succeeded more often on their second attempt than on their third attempt (p < 0°05 
on x* tests), as expected on the partial learning hypothesis. After a first-attempt 
failure the expected uncertainty on the AON hypothesis is log,2 or 1 bit. Table II 
shows that both the upper and lower bounds for the actual uncertainty are not much 
below this expected uncertainty, A 

e 


EXPERIMENT II 


Estes (1960) briefly described an experiment on repeated recall of words and 
claimed that the results supported the AON hypothesis. The free-recall method 
was used, i.e. the subjects were not required to recall the words in the original order. 
Thus the type of association presumed to be learned in the AON manner is the 
association that a word belongs to a recently presented group of words. In the 
following experiment, the learning of associations of this type was tested by 2-choice 
and 4-choice recognition tests, analogous to those used in Experiment I, and also 


by a free-recall test. Again, examination of the 4-choi ; NU 
AON learning by the € 4-choice results provides a 


Scores, after correctio: 
corrected-comparisons 


further-attempts method. Comparison of all three sets of 

n for guessing, provides a test of AON learning by the 

$ method. Both the recognition tests and the recall tests Wet? 

ee a week later with a switch-round of subjects to provide a counter-balanc 

ae The "re in these delayed tests should show increased evidence a 

i ; : 

ue um ia g becomes partial through trace-decay, as will be suggest? 

Two lists were used, a list of words and a list of numbers. It should be 


mentioned that the experiment was partl desi i i a 
. . . H oh d s 
analysis which it is hoped to oer opi a UU d 


Design METHOD 


For the immediate test, sub 
2-choice and 4-choice recognitio 


LL, eil liil, ———ÉE—Éü 1  . ll o ————-—-—-fffuuue—-—— M 
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Procedure 

At the outset of the experiment the nature of the three test conditions was explained. 
In particular, subjects were told (1) that there was always just one correct alternative on 
each row and that they should continue to make attempts until this alternative was found, 
(2) that in the recall condition the order in which the words were written did not matter, 
(3) that the list would consist of 16 consonant-vowel-consonant 3-letter words. The 
word-list was then presented at a rate of 8 sec. per word. As soon as presentation was 
complete, recognition subjects removed a flap which had until then covered the rows of 
alternatives on the response boards in front of them. The immediate test then 
commenced and lasted for 23 min. When the test was finished recognition subjects 
replaced the flaps so that the alternatives were again covered and recall subjects turned 
over the sheets of paper on which they had been writing. «The same procedure was 
then repeated with the number-list except that the description of the test conditions was 
omitted. The possibility of a delayed test was not mentioned. The delayed test, which 
also lasted 2} min. for each list, was given one week later (without any further . 
presentation of the lists). 


Lists and test sheets 

Words. All consonant-vowel-consonant words iti the English language were 
enumerated by trying the five vowels in all possible pairs of consonants. The number of 
combinatioris recognized as words was 284. After dubious and less-known words had 
been eliminated, 256 remained from which a list of 16 words was randomlyeselected. 
This somewhat elaborate method of obtaining the list was designed to facilitate information 
calculations. Two 4-choice test sheets (one for the immediate test and one for the 
delayed test) were constructed as follows: each sheet contained 16 rows and each gow 
consisted of one word from the list and of three new words from the ensemble of 256 
words. The order of the words in each row was random except that an equal number of 
Correct words was made to occur in each column. Differences between the two sheets 
were as follows: (1) The pattern of correct holes differed (2) the rth row in each sheet 
contained a different correct word, (3) half the words from the list were presented alongside 
the same incorrect words in both sheets and half with different, incorrect words, rows of 
these two types alternating. The two 2-choice sheets were identical with the 4-choice 
sheets except that two alternatives were omitted in each row in such a way that the 
altemative on the right and the alternative on the left was correct equally often. 
Numbers. The list of 16 numbers was randomly selected from 9o 2-digit numbers between 
loand 99. The test sheets were constructed according to the same principles as the test 
sheets for the word list. 


Subjects 


, The subjects were 85 university students of whom two failed to carry out the 
instructions corréctly and were dropped from the experiment. Of the remaining 83 
Subjects, rr were absent for the delayed test which, as stated previously, was administered 
Without prior warning. 


RESULTS AND DISCUSSION 


The results from the immediate test (Words I and Numbers I) will be presented 
"5t. Table I shows that with the 4-choice subjects there was a trend in the 
ection p, > p, > p,, for both lists, as expected on the partial learning hypothesis. 
In each case the trend was significant at the o-or level when assessed as in Experiments 
laand Ib, Table TI shows the upper and lower bounds for the uncertainty displayed 
by subjects after failing on their first attempt. It will be seen that less uncertainty 
was displayed than in Experiments Ia and Ib, i.e. there was more evidence of partial 
earning, Table TIT shows the mean percentage scores corrected for guessing under 
idis 2-choice, 4-choice and recall conditions. It also shows the significance of the 
ifference between each pair of conditions as assessed by the Mann-Whitney test 
d before this test was selected because of non-normality in the scores). Contrary 
> What is expected on the AON hypothesis there are significant differences between 
“means. The main difference is between the 2-choice means on the one hand 
the 4-choice and recall means on the other. A possible explanation for this 


finding is that the 2-choice test takes less time to perform than the 4-choice test a 
the recall test, since forgetting during the time it takes to perform cach test is me 
unlikely, As would be expected if this explanation is correct, it was found thi 
scores for the top halves of the recognition sheets tended to be higher (about sy 


TABLE Il 
MEAN PERCENTAGE SCORES CORRECTED FOR GUESSING 
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Significance of comparisons 


a-b 


order of the 4-choice and recall means differed for the two lists (Table III). Howevet, 
spontaneous remarks by subjects suggested that the numbers were often coded inte 
systems during presentation and presumably it is easier to make use of such coded 
information in the recall test since in the recognition test the order of recognition 
largely imposed. 

The results of the delayed test (Words II, Numbers II) are similar to those fet 
the immediate test. Again there was a trend in the direction p, > ps > p, (Table | 
which was found to be significant at the o-or level for both lists and again there we 
significant differences between corrected scores (Table III). This is not surprisit- 
since partial retention is an almost inevitable sequel to partiallearning. It will be 
seen from Table II that the average uncertainty after failing the first response (th 
samom] il uncertainty) was about the same in the immediate and delayed tes 
bcn sca rably fewer first-attempt successes were achieved in the delayed tet 
giam ve the fofal uncertainty was considerably greater in this test. Thi 
E € total uncertainty the conditional uncertainty is lower in the delayed 
nd accords with the hypothesis that partial learning is a product of trae 

y since after a week there will be fewer traces from which no information W 


— 


a-c 1 E- 
« ovo! « 001 
« oo! « 001 
«oor | NS 
< 0-05 
percentage points) than for the bottom halves. An unexpected finding was that the 


Subsidiary results 

ee = yed recognition tests, one half of the items were presented among U* 
aad Sonne ie as in the immediate test and the her half among 1% 
ance of the immediate xdg ses learning of wrong alternatives during the 
wrong alternatives were Pw t be expected to lead to confusion when the - 
aui Sflock Could Be diacerced i in the delayed test. However, no evidence for 4 
the direction of more ate the results: in so far as a trend was present, it was 
used. The results were zu recognition when the same wrong alternatives * 
test affected performance i Tepe to see whether the nature of the imm oot 
and numbers was about bu e delayed test. It was found that recall of both W^». 
the recall condition in th ce as high for those subjects who had also perform 
subjects with th di ediste test. Mann-Whitney tests comparing 

ani subjects in the delayed test confirmed that w | 
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fovement in performance was significant for both the number list and the word- 

the 0-05 level. This finding is reminiscent of the claim that recitation is an 
during memorizing (Gates, 1917). In no other instances did the nature of the 
late test appear to affect performance in the delayed test. 


Discussion 


On the hypothesis of AON learning, successes after the first attempt should 
ar on a chance basis. In all the experiments there was clear evidence that this 
not the case. A similar finding was obtained by Pollack (1952). In an experi- 
on information transmission, he found that attempts to correct erroneous 
pits in the immediate reproduction of a sequence of digits had a better than chance 
bability of success. However, his results are somewhat equivocal since no account 
s taken of whether errors on the first attempt represented transposition errors 
d correction of transposition errors, even on a chance basis, would lead to better 
an chance performance in correcting individual digits. In the foregoing experi- 
nts, subjects were not required to reproduce the order of the items so that the 
iblems raised by the occurrence of transposition errors were avoided. 
Prima facie, the extent to which the further-attempts results departed from 
Ue expected on the AON hypothesis was relatively small in terms of the 
brmation measure. Thus in the paired-associates experiments, the uncertainty 
to the correct response after a first-attempt failure was 79-99 per cent. ofthe 
ected uncertainty and, in the remaining experiment, the uncertainty was 51-83 
cent. of the expected uncertainty. (These percentages are derived from Table II 
taking the lowest lower-bound estimate and the highest upper-bound estimate). 
the other hand, it is important to recognize that when responses are partially 
med they contribute to first-attempt successes as well as to successes after the 
St attempt. Thus the fact that the results did not depart dramatically from 
expected on the AON hypothesis does not necessarily mean that the hypothesis 
‘Substantially correct. A more definite conclusion would be possible if information 
guld be obtained on how the observed distribution of py, Ps, ps and p, is generated. 
‘might be possible to obtain such information by asking the subject to indicate which 
the alternatives he regards as possible before he commences his attempts to find 
Correct alternative with the stylus. If, for example, he is always correct when 
indicates only one alternative as possible, this would show that complete learning 
ad Occurred in relation to the items concerned. ` . 
_In Experiment II, the results of the corrected-comparisons test also provided 
adence against the hypothesis of AON learning. Although the difference between 
lie corrected 2-choice and 4-choice scores in Experiment la was not significant 
atistically, it was in the same direction as in Experiment II. According to a 
ability model which it is hoped to present elsewhere,* corrected 2-choice scores 
Necessarily higher than corrected 4-choice scores when ps > Ps > p, as was the 
in both experiments. This implies that any explanation of the results of the 
Hther-attempts test is potentially an explanation of the results of the corrected 
: ons test as well. 

Both tests showed some deviation from the results expected on the AON 
pothesis. The question arises of whether these deviations can be explained in 
uh à Way as to leave the hypothesis intact. Various possible explanations will 
OW be considered, 


, The model is described in a paper entitled “Multiple response evaluation of discrimina- 
77 Which will appear in Brit, J. statist. Psychol. 
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Unsuitability of the units 

The units employed in the experiments were chosen because previous investigators 
using the same or similar units have claimed to get results supporting the AON 
hypothesis. Even if it is true that individual associations are learned in an AON 
manner, partial learning of a complex unit will be possible since it will involve a 
number of associations each of which may be either learned or not learned. Itis 
difficult to think of any unit which is not potentially complex in this way. Even 
when a unit is perceived as a unit through prior familiarity, some of its attributes 
may be noted separately. Now if possession of a particular attribute is learned but 
not the unit as such, this will usually constitute partial learning of the unit. For 
example, the digit "2" is a familiar unit. Nevertheless, if the subject can only 
remember that the correct digit is even, this will represent partial learning. 


Non-random response tendencies 


Even if responses after the first are unguided by partial learning, it is unlikely 
that they will be made randomly in the strict sense. Non-random response 
tendencies would affect the distribution of successes if they happened to link up with 
the pattern of correct holes on the response board. Evidence that this did not happen 
to any important extent is provided by the fact that similar results were obtained 
when different patterns of correct holes were used. However the constraint that each 
column on the response board contained an approximately equal number of correct 
holes could have biased the results with all patterns, since subjects may have 
imposed this constraint on their first choices. As a check on this, some of the 
results for the first and second halves of the boards were analysed separately but 
the trend towards second attempt as opposed to third or fourth attempt successé 
was as marked for the first half as the second half. 


Generalization 


If one of the presented alternatives in the recognition test is similar to the correct 
alternative, it might be selected through a generalization process. However, itis 
necessary to explain why it is preferred to the correct alternative. Indeed, it seems 


: i deviations from what is expected on the AON hypothesis are not necessarily 
o be explained away. Alternative interpretations of the results should bè 


| \ (Estes, Hopkins and Crothers, 1960; Israel 
eee Jae 1962). One Possibility is to modify the AON hypothesis by supposing 
bc 3 stimulus on a test trial differs somewhat from that used on a training t 

at a response, although learned, may not be elicited (Estes ef al., 1960) 


Anoth ibility i 5 : 
diis possibility is to interpret the results in terms of the Decay Theory af 


A i te. 

utset learning is always comple 
, the trace undergoes random deterioration wi : 7 (decay): 
IIs. 


ormation loss (forgetting) depends not only on ™ 


the amount of red: h trace $ 
formed. peakin X redundancy present when the 
dr e & redundancy implies multiple representation 


information so that information lost from one part of the trace may still be prese 
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elsewhere in the trace. On this theory, partial learning is always possible in the 
sense that, at the time learning is tested, some of the information originally stored 
in the trace may have been lost through decay while some still remains. This applies 
tven when the information stored is very simple. For example, suppose that the 
trace is merely required to represent that one of two equally likely alternatives is 
correct (one "bit" of information). Decay could leave the trace in a state which 
failed to define the correct alternative but which made one alternative more probable 
thanthe other. This theory clearly accords with the finding that further-attempts 
, have a better than chance probability of success and also with the finding that 
partial learning forms a greater proportion of the total learning a week after 
presentation than immediately after. On the other hand, the finding that the 
uncertainty after a first-attempt failure was a high proportion of the maximum 
possible uncertainty is apt to seem surprising if the theory is correct. However, as 
already pointed out, partial learning contributes to first-attempt successes as well 
às to successes after the first attempt so that the implication of this finding is at 
present unclear. ^ 
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REDUNDANCY IN NON-SEQUENTIAL PATTERNS 


BY 


ALAN STANILAND 
From the Psychological Laboratory, University of Exeter 


Recognition, discrimination and delayed discrimination tasks were carried out with 
selections of composite visual patterns, ordered in terms of a generalized measure of 
redundancy based upon transmission between determinates under four determinables. 
Results in the recognition experiment showed a significant relationship with redundancy 
and there was indication of a similar effect in delayed discrimination. Redundancy levels, 

„however, appeared irrelevant to simultaneous discrimination, where each response could 
be made discretely without reference to the structure of the selection as a whole. 


INTRODUCTION 


An earlier paper (Staniland, 1960) discussed certain aspects of redundancy which are 
shown in a complete table of decomposition of probabilities. It was suggested that such 
a table displays variations of structure which are likely to be relevant to performance, but 
to which'Shannon's frequently used measure of redundancy for digit sequences is not 
sensitive, The essential problemi is to state a measure by which selections of equal 
numbers of items can be legitimately regarded as nevertheless of different redundancy, 
but.án the earlier paper the methods used by Fitts and Miller, depending upon random of 
non-random methods of selection, were criticized. The writer’s chief concern, out of 
which the earlier paper arose incidentally, had been the possibility of applying a redundancy 
measure to selections of visual patterns for which no fixed sequence of scanning could be 
assumed, and of which the constituents were not confined to a strictly limited alphabet 
It was from further consideration of the results of decomposition that a variant measure 
of redundancy was adopted which, within certain limits, could be applied to non- 
Sequential patterns. The mathematical argument is given briefly, and the remainder 


of the paper reports upon its e i i x iem T ERO 
and delayed Tiki bata tid xperimental use in tasks of recognition and simultani 


found within a single pattern—symmetry, continuity of outline, etc. The other 
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of the actual gain compared with the uncertainty of digits, and the gain tends to reduce 
step by step until the maximum actual gain (log,n) is obtained. It was suggested 
that the manner of this reduction was indicative of features of a selection which the 
standard measure [1 — (log,n/ clog,s)] fails to distinguish, but which may be 
relevant to psychological performance. 

The question here considered is the extension of a similar approach to selections 
of visual patterns which can be regarded as partially analogous to digit codings 
insofar as they are composites of distinct characteristics: colour, form, size, etc. 
These differ from digit codings, in two important respects: 

(i) A regular order of scanning cannot be plausibly assumed. 


(ii) Similar characteristics cannot be said to recur as alternatives in the way in 
which, e.g., the letter “A” may occur either in the first or any other position. 
The assumption of such recurrence is built into the standard formula as 
used by Fitts and Miller. 

A more generalized measure can be approached by considering that a simple 
coding such as AAB is in effect equivalent to A,A,B,, in which the subscripts take 
over the positional indication, so that, e.g., AgB3A, is identifiable with B3A,A, or 
any other disposition of the "'position-free" (but now complex) symbols. (This 
point is raised also by Pierce (Cherry, 1961) in a discussion-note on a paper by 
Crossman). Once this aspect of regular sequence is recognized, it is apparent that 
the same symbol does not, in one sense, re-occur in a different position, but that what 
is strictly relevant is the variety and probabilities of symbols in each group of 
alternatives however the group is identified. In the sequential-matrix each column 
forms such a group (the group of "first digits," the group of “second digits," etc.) 
and its composition is summed up in the column uncertainty (Hi). In other 
selections, characteristics other than sequence may mark the groups of alternatives 
and a useful terminology is that first suggested by Johnson (1921) for discussing 
Variations of qualities within a related range of qualities. Instead of “symbols in 
the same column,” we can generalize to “determinates under the same determinable, 
determinables being what might be called categoric dimensions of quality. The 
use of the terminology is exemplified by variations which could occur in a selection of 
Simple patterns: 


Determinables: Shape Colour Height 
Determinates under Square Red 1 in. 
each determinable Circular Blue Due 
Triangular Green 3m. 


A generalized measure 


Returning to the conventional type of selection, we can now consider the 
Possibility of generalization. For the selection tabulated in the 1960 paper (Com: 


$—4n- 24) the step gains (/4)) were as follows: 


Actual Pi 2 fi : 4 
Bec) e rey r4 M NR OI neut 
CEMENTO 0 0 iis a 

[7-460 — 2:875 = 4:585] 
The Information gain at the first step (hi) is, of course, equal to the Information 


available (Hi) ie, Spd bol probabilities at the first position over 
à ;ie. 2—p log,p for the symbol probabit sae 
items. At Mei en where the probabilities are limited by the already 
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ascertained digits, hy is less than Hj, and this reduction can be shown to be equal # 
each step to the transmission between already ascertained digits and the digits gi 
that step. Thus hy == H, — Ty; hy = Hy — Ty os; and he = He — Ti ye M 
we represent the sum of these losses as ET, __ e (or for brevity XT (see mathematical 
note given as appendix)), we have, therefore: 


log,n = Eh, = EH, e ET, . è 


Although the composition of ET may vary if the order of columns is changed, asi 
sum it must be independent of order, ie. if columns are permuted as columm- 
retaining the vertical order of symbols, each permutation gives a new selection whid 
equally discriminates n items and gives log,n average Information per item. XT 


FIGURE 1 
Type A 
Type B 
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varied in colour: black parts cc Ee Ces 
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ET _ ZH; — logn  , _ logn 


See ogee und ae 


XH; XH, XH, 


The similarity of this expression to Shannon's measure of redundancy (Shannon, 
1940) is obvious, and the two are in fact equal when Shannon's redundancy is zero, 
for then ET is also zero. But this measure assesses the utilization of symbols apart 
from the assumption that the same symbols are available at all steps. It states 
directly that a selection is redundant or non-redundant according to the degree of 
transmission between columns, and it includes Shannon's measure as a special (and 
for his problem, justifiable) case. 

We shall refer to the suggested measure as D (decofnpositional) redundancy, 
since it can be calculated only by analysis which takes account of the detailed 
disposition of symbols, or, in its more general application, of the range of determinates 
under each determinable. Shannon's measure gives (on the model of an exponential 
curve with c as length, s as exponent) the wasted length of symbolization: D- 
redundancy makes a not dissimilar criticism of efficiency of coding, comparing the 
number of items actually formed with the number that could have been formed with 
the most éfficient disposition of symbols and a minimum XT. It can take more 
values than Shannon's measure and is, therefore, potentially more discrifninating. 
Itis by this measure that redundancies are assessed in all the experiments that follow, 
E its application will be demonstrated in relation to the sets of patterns which Were 


Display material 
The experiments which follow are based upon selections of nine patterns of one of 
three types, and these are conveniently described first. The basic formal structure of 
tach set of patterns was three-way variations of four characteristics, giving à 
ensemble of 3* or 81 patterns. This was the structure of the pack used by Bruner 
(Bruner, Goodnow and Austin, 1956) for experiments in categorization, and a pack of 
type was used for brief preliminary experiments and also to obtain random 
of nipe patterns of varying redundancies. The selections used had percentage redun- 
dancies of: 0; 6; 19:8; 24:5; 43:6; 45:3; forming three pairs of Low, Medium and High 
redundancy. Sample selections are given in Table I. The three types (Fig. 1) were: 
A. An abstract pattern, modified from the Bruner pack. 


A representational natural unit, a flower with two leaves. 
C. Made up of disconnected shapes but with a very obvious face gestalt. 


They were given the redundancy structures in terms of characteristics 1,2,3 in columns 
(determinables) w,x,y,z, as follows: 


Determinables: w = y 2 

Type A Depth of band No. of symbols a lac re pe deme shape 

(1, 2 or 3 units) (1, 2 or 3) 5 = ao , mon) 
Type B Stem sha Leaf col Flower colour ^ Flower shape 
pe colour 
(straight, or (green, yellow (red, yellow tomani n 
curved right or brown) or blue) or 
left) 

Type c Mouth shaj Nose shape Eye shape Eye colour 
(straight = (bell, inverted (round, curved (blue, ae 
curved up or heart or oval) or star) or gree 

down.) 


The patterns children’s play) which were 

: ed r shapes (sold for play) wh 

stra, DP Cut eder: ra ENE A Polus. These were used (for Ee ge B 

Ne on to white cards of normal playing-card size, or (for Experiments 2 an 3) 
?&raphed to give colour transparencies. 
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TABLE I 
SAMPLE SELECTIONS 
Medium Redundancy (19:8 per cent.) 


w x y Z 
2 I 2 2 
2 2 2 2 
2 3 2 2 
2 I 2 3 
.2 2 2 3 
2 3 2 3 
2 2 3 3 
3 2 2 2 
3 2 3 2 

Hi 0764 1:434 0:764 0-991 | 


EH; = 3:953 

. High Redundancy (43:6 per cent.) 

w x y z 
4 
2 2 I 2 | 

I 2 2 1 

I 2 3 I 

2 3 3 I 

2 I 3 2 

2 3 3 2 

2 I 3 5j 

2 3 3 3 

3 3 2 2 

Hi 1-351 "530 


EH, = 5:635 


EXPERIMENT I. RECOGNITION 

. For a first experimental test of D-redundancy the chief decision to be made was e 
kind of task to be investigated and this was largely determined by the fact that since ble 
material did not use fully-established units, such as letters or digits, it was unsuital 


1:224 1:530 


for reproductive recall. Recognition was preferred to discrimination because it demande 
storage—and presumably structuring—of the whole set of displays. There was howe’ E 
a difficulty in the standard form of recognition task in which already-displayed items ? 
repeated among novel items: it would involve the redundancy not only of the ong? ro 
set, but also the redundancy of the whole set in the recognition trial To avoid 
complication a form of 


: rogressive recogniti i in whi ly a single 5e 
a eeroket progr ignition was designed in which only 
Procedure. Twenty four subjects were 


this 
t of 


ts 
tested (11 males, 13 females, mostly studen 


the 24 all possible orders of Types A, B and C pane 
t. 


[ 
2 sent: 
given. No subject was noticeably colour-deio" | 
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The variation of type was to reduce the risks of transfer or interference which would have 
been likely if closely related patterns had appeared in all trials. The subjects were not 
told the number of different patterns appearing in any trial, so that the point at which 
all new patterns had appeared could not be inferred by counting. 

To avoid accidental variations between replicate cards, the physically identical card 
appeared in repetitions. The cards were presented through a slot in a large screen on to 
aviewing platform. The platform could be tilted right or left with a knob, thus returning 
the card to the experimenter and also giving a New or Old response. No time limit 
was imposed, but the mechanical form of presentation tended to produce fairly prompt 
responses. The recording schedule distinguished: 

(i) “New card errors,” classifying as Old a card seen for the first time. 

(ii) “Old card errors," classifying as New a card which had been seen before. 


Results 

The graphs of Figure 2 summarize the results. Here the solid lines show decrease , 
of New card errors and increase of Old card errors with increase of redundancy 
(Over 24 subjects). The broken-line curves below (for r2 subjects each) separate 


FIGURE 2 
+ OLD 
LJ 
sof- 
" 
LJ 
70. 
al 
5 50f- 
E 


Errors (total) 


ule 
i n Sse 
New card errors: Total © M 
Ascending order of redundancy zz e 
Descending order of redundancy — ==2€== * n 
10) 
Old card errors: Total Es x 
Ascending order of redundancy ---- + : 
Descending order of redundancy ---- + l 
| el 0 a or e 
` 0 and 6 per cent 19 and 24 per cent 43 and 45 per cent 


Redundancy 


poet in x iti i ted into New card and Old card errors. 
i ecognition experiment, separated into - : 
ene vertical Scale i ot esr the whole group (24) in the upper curves; for the sub- 


P5 (12 each) with different orders of administration in the lower curves. 
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the groups receiving the sets in increasing or decreasing order of redundancy. Iti | 
obvious that the effects of order of administration are negligible compared with th — 
effects of degree of redundancy. The symmetry of the curves about the horizontal 
indicates that there was little variation of the gross number of errors with redundaney 
or administration. It was the variation between the two types of error which offered 
the potentially significant result. Analysis was carried out in terms of the differene 
score: (New card errors—Old card errors), a positive score indicating preponderance 
of the first type, a negative score of thesecond. But, if the procedure of investigating 
differences between differences raises any objection, an alternative interpretation i 
possible and is discussed, below. 


TABLE II 
RESULTS OF RECOGNITION EXPERIMENT 
"| New Card Errors Old Card Errors Differences: N — 0 
| Ascending L dx H L M H h- | M H 
6 ©, 26, 43 per cent. | 17 15 6 9 17 15 +8 St. =9 
6 | 6, 19, 45 per cent. 22 15 12 19 14 27 +3 +1 “i 
12 Totals (ascending) ..| 39 30 18 28 31 42 +11 —1 -4 
ik —Á 
| Descending 
6 43, 26, 0 per cent. 16 17 10 12 19 19 +4 ot 3 
6 45, 19, 6 per cent. 19 15 1I 17 13 26 +2 | +2 -15 
1| Totals (descending) ..| 35 32 21 29 32 45 d6 | g -4 
T — a 


Redundancies 
Orders 
Subjects* 


Interaction (orders x redundancy) 


Residual (error term) 
Totals .. 


the profiles in the blocks. 


* This is the error term for between 


12:38 < ooo 
not significant 
< oor 


244 . AE 
not significant 


Orders. The interaction, if significant, would (McNemar) indicate difference betwee 


Tests on the means of differences between conditions gave: 


Y be noted t 


It ma: hat th - i p 
new significances are obtainat (N — O) scores agree in ranking with the six separate percentages of redundancy, although ° 


Per cent. redundancy 


E scores, ascending (6) .. 

E scores, descending (6). . 
Mean scores .. x 
S.D.s 


Bartlett tests of homogeneit 
pooled as Low, Medium and 
account of correlations within 
McNemar (1962): case XV for R 
(here, orders of administration). 


btainable beca: ii 
use the conditions »'s are smaller and subject correlation cannot be included: 


y of variance were applied to the three sets of results 
High tedundancy: none was significant. To 
Subjects, analysis of variance followed a model bY 
different and independent individuals in each bloc 
This serves to emphasize the virtual absent? g 
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difference between orders, but otherwise shows similar F-ratios to a two-way analysis 

- by redundancies and subjects. The results in the main groups and the significances 
are in Table II, and support a relationship between redundancy as assessed by this 
measure, and the types of error shown. 

Analysing out gross errors on the different sets a trend of increasing difficulty 
shows from A, 115; B, 125; to C, 142, which appears as perceptually the most 
difficult. 

It should be noted that by the administrative schedule, Old (recurrent) cards 
appeared three times as often as New. On a postulate of equal random guessing, 
errors on Old card would appear about three times as often as errors on New. The 
mean expectation of error by equal random guessing is 4:0 New card errors +- 
135 Old = 17:5. The mean errors per trial in the experiment was 5:58 (best subject 
1-66; worst subject 13:0) so that it is clear that response is well above random level. 
It is a possible view that increase of Old errors represents an increase of randomness 
in guessing, but this is not supported by any over-all increase of errors with 
redundancy, i.e.: t 

Low Medium High 


all trials were administratively of similar pattern. And since the (N = 0) score 
shows significant variation over the redundancies (by analysis of variance) it is 
highly improbable that the effect is random. 


Estimates of number 


Preliminary tests led to the selection of nine as likely to produce a suitable level of 
‘ror. The average errors per subject over the three sets was 16:7, and the best subject 
(an artist and stage-designer) made only five errors, while only one subject completed any 
Set without error. Each subject’s responses imply an estimate of the number of different 
Patterns involved: i.e. the number of New responses whether correct or incorrect. Thus 
the implied estimate is: 

(n — New errors) + Old errors 
= n — (New errors — Old errors) 


Hence these implied estimates have the same distributions as the difference score (N — O) 

Ea an alternative interpretation of the results, to which the same statistical 
cances apply. : « 

Second Enn of number was also obtained directly by asking each subject "How 

Many patterns do you think there were in the final set?" This question applied to the 

e redundancy set in the ascending trials, to the low redundancy set in the descending 

als, and could be asked because the procedure gave no preliminary information on the 

Es *r of patterns in any selection. The means, within fairly wide limits in both 

» Were: 


Gross error: 131 125 126 n 
Any calculation of chance levels must give the same expectation for every trial since 


Implied estimate Deliberate estimate 
(kom results) (made by subject) 

Low redundancy H 8:5 9:5 
High redundancy X. 1ro 103 


| 
E pa à possible way of stating the result is that high redundancy sets tend to be treated 
aving more different patterns than low redundancy sets of the same number. 


Subjective reports and comments, together with one special case that will be 


Mentioned, s is that with the high redundancy sets 
qunggest that what may well happen centrate attention on certain 


et (ape differences are more than necessary) subjects con! 

Not noted os then liable, when the same panan dnd 

E ive a New card response. 

This e beha our of the ane gee ee osi data es excluded Su final on 

is con leet gave an i f New card responses (on one set, 22). 
abnormally high number of New c x : 

l * Comments atterwanday shone that he had expected trickery in the form of experiment 
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and had decided that what he had to attend to were almost undetectable difleam 
rather than the obvious ones. In fact, especially in the A and B sets, he concentrate 
on tiny variations in spacing at the junctions of colour shapes. A good deal of care hat — 
been given im preparation and these differences were seldom as much as a millimeter 
Since repetitions were repetitions of the same physical card, none of these minor variations 
could in fact be relevant to identification: that is, two cards which were different in tha 
respect must be clearly distinguishable in some more obvious respect, and identical can 
necessarily had identical ing. It was therefore the case that this subject had increased 


more normally oriented subjects. 

Yet another way of the difference between the low and high redundamy 
sets in intuitive terms, is that the low redundancy sets are more alike. Fitts (1956) maker 
a similar comment on his constrained set of metric figures. In these terms we 

that New card errors arise by confusion within the greater similarity of the 
sets, and this su a com. tary explanation of the results to that 
oe for card errors — M. $ 
n everyday speech we ly use two kinds of judgement of likeness; we assert 
similarity or diecailarity pore bee of items, and Ades ot groups of items; eg. “The 
whole are arpana de in appearance." These two types of judgemest 
are related but not tical, the group judgement, as it were, attempting às 
of pln qmm of separate pairs. One interpretation of redundancy i 
that it gives an measure of group likeness. This would open up a large prospect 
but it must be remembered that the ion here is concerned only with com 
c depen É as built hr reti characteristics, not themselves ror 
us » i experi t 
res range brs ^ limited. It is the working assumption of the experimen! 


not be so easily referred to a plausible analysis into parts. The issue then is not merely 
the order of scanning, but the units in terms of which scanning can be stated at all. 


IOTA EXPERIMENT 2. SIMULTANEOUS DISCRIMINATION ad 
ving shown variations of response in a recognition situation à 

called for recollection of the whole selection, it appeared relevant to ask if the results coni 
to or related to the discriminability of the items presented as separate pair. 

TM the gs ks second experiment. 
aterial. (flowers) and C (faces) were used, these having been indicated 9 

- ü N " g en in 

the two more difficult sets in Experiment 1. High (43-75 per cent. and low (7:84 pet 
redundancies only were used. The patterns were in the form of 2 in. by 2 in. trant 


appeared in a display apparatus (a modified | 


field was of approximately the same over-all brightnes 
The subject was instructed to res i ibio c 
i pond as rapidly as poss! 

e of two — ee one for “Same” and the other for “Different,” ou 
response simple RU OM Apod dis circuit included a selective 

à 1 ani rejected any corrective 

eS sea The response b uy the display. Response time was 
-à enner Electronic Stop-Clock earest nd. 

males and 10 in They fsi ivided = E aa 3 


o S redundancy frye B) followed by low redundancy (Type C); 

cres RS ad 5 a hes; m t (Type A ; 

d mac ELE T I 

Each subject had a practice session of Ert" 
a 1 of 72 responses on each , followed by 108 

are tte The display Prep bert semi in a cct UE ci posible airin DI^ 
eic ; — equal number of identical pairs, so that the correct 
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The outstanding result was the absence of any significant differences between 
dancy groups, to the extent that they did not merely fall short of 
might almost be said to prove the null hypothesis (see Table III). There was, 


TABLE III 
Resvtts Or DISCRIMINATION EXPERIMENT. MAN Respowse Trans (Mitiranc.) 
FOR “Same,” "DIFFERENT" AND ALL Responses. N = 4 X 5 = 20 


B (flower) patterns 


Order Same | Different | All 


* € (face) patterns 
Same | Different | an 
—— ——— 


C,, (7:84 per cent.) 


,7B2a 6988 405 


9o49* | 7353* 229° 
843°5 | 7169 | 781-7 


Cy (43°75 per cent.) 


By (43°75 per cent.) 


7103 
7030 


7067 


* Note: The differences are in no circumstances significant, but it — oa 
Me noticeable difference between Cr, and Cy is almost entirely attribu shed 
bject who was exceptionally slow on “Same” responses (1,301 millisec. A 
95 millisec. for the other four in the same condition) Excluding this subject reduces 
Rroup's mean to 757 millisec., and emphasizes the homogeneity of the results, 
LI 


the other hand, a significant difference between times on B and C sets, indicating 
© 8S perceptually the pas difficult and thus agreeing with the first experiment. This 
ference, though irrelevant to the main purpose, suggests a satisfactory form of 
Xperiment by which differences due to redundancy could have been shown if they 
Brie magnitude, peri requires memorization of 
€ recognition experiment, ect lormance 

à new item m the acier bor aen equivalent to grasp of the structure 
M the set. In the second experiment, although theoretically grasp of structure 
ght affect expectation and response, it is not essential since each discrimination 
An be met as a discrete event. This is compatible with the view that redundancy is 
Aot to be regarded as merely equivalent to a “sum” of differences between items, 
71d that it is relevant when grasp of structure is involved, as, for instance, in te 
oo? etn with that interplay of recall and generalization which can 

u ng.” 
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longer times. This experiment, for reasons given below, must be regarded 
only a trial. 
l ‘Material To exclude the perceptual differences shown in previous experiment. 
only B (Bower) sets of high (45 p cent.) and low (6 per cent.) redundancy were wai 
Each subject received the two in an abba sequence on four successive daysat 
the same time, half starting with low and half with high redundancy. Subjects wem 
not told whether the day's selection was the same or different from that on the preview 
day. 
Apparate and procedure. The same display apparatus was used but with further 
ification. The first pattern was tachistiscopically displayed for half a second withes 
response. It appeared ys in the left-hand position with the other aperture in darknew 
The second pattern 3°5 sec. later on the right-hand side and its exposure wa 
terminated by the su s on the two-way key. At each session the subjet 
was given 216 presentations, again including all the possible different pairs and te 
, other half identical pairs. The first 108 responses were treated as practice and the final 


Results 


Because of technical difficulties, the load of administration was heavy and thi 
experiment was discontinued to give time for re-design of the apparatus und a mot 
elaborat* sequence of trials. Only four subjects (two male and two female) wet 
used and the results cannot be offered as more than indicative. Essentially what i 

is facilitation or delay of improvement with practice over the peri 

of the task, and on these four subjects the results (shown as individual graphs is 

Fig. 3) follow the ordering of redundancies in the predicted direction, showing 

tent improvement when moving from high to low redundancy selections, b 
tending to increase of response time when moving from low to high redundancy. 


FIGURE 3 


i 
= 
400 4 
Trials: 1 2 3 
Response times for delayed discrimination. Each curve is for one subject. 


It is recognized that objection - nent, bat 
it is difficult to see ahy n in eh be made to the form of the expen aa d 
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CoMMENTS 


The primary theoretical attempt was to give the measure of redundancy a 
generalized form which could be applied to visual aggregates irrespective 
assumption of scanning order. The internal consistency of the results in 
ent I, with variations of response related to redundancy dominating over 
ptual differences between the three types of pattern, suggests that a genuine 
i$ been obtained, though its range of application can only be determined 
nded series of experiments. 
advantage of the measure is that it is calculated directly from the 
les appearing in the experimental selection ant does not involve any 
y decision as to whether the selection has been taken "randomly" or 
Mandomly" {rom a theoretical source. Selections which would equally be « 
by method of selection can thus show different levels of redundancy, and 
of response with at least three levels of redundancy were obtained, with 
estion of variation over six levels. It might be added that repetitions. 
i experiments with Miller's random and redundant strings (Staniland, 
have reinforced the results then reported, and that efficiency of recall relates 
ê closely to D-redundancy than to the E-redundancy measure fifst used. 
dundancy is essentially a characteristic of a selection taken as a whole, 
property attributable to items taken in isolation. The conclusion suggested 
P experiments is in accordance with this fact: that redundancy may be 
lant when the nature of the task requires grasp of the over-all structure of 
less relevant when (as in simultaneous discrimination) immediate response 
de without reference to over-all structure. Whether in the relatively long 
call required for recognition, or the shorter-term recall for delayed discri- 
ñ, what is suggested is that the low-redundancy selections allow easier coding 
ge than high-redundancy selections with a superfluity of differences. 
per is extracted from a thesis accepted by the University of Exeter for the 


x h.D. The experimental work was helped by a grant from the University. 
ks are due to the exper vin Dr. J. Szafran, for discussion and criticism. 


APPENDIX 


"alical Note 
he value T, |. which is the numerator in the D-redundancy measure is the 
S Garner's sum of contingent uncertainties. For: : 
= Tis 
Tis $ Tes "I: Aass 
= Tia + Toy + Ta + Atos + Aiu + Aru + Au 
3 Tia + Tas + Trg + Tas + Tea + Toa + Ai + Arse + 
Aiu = Ass zh E en 
558 — Garner's sum of contingent uncertainties. 
met (1962) says (p. 154) that: 
Tn order to retain consistency of meaning of the total constraint, it would be 


to include distributional constraint. This problem is very easily avoided 
g the total constraint with . . . the actual uncertainties of all variables 
With the nominal uncertainties." , 

hominator of D-redundancy does precisely this, by taking E—plog,p for 


minable, instead of setting each at the nominal value of log,s, as in 
nominator, c logs. 


Il 


H 
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THE PERSISTENCE OF SOME EFFECTS OF HANDLING 
IN INFANCY ON THE BEHAVIOUR OF THE ADULT RAT 


BY 


P. D. Du PREEZ 
From the Department of Psychology, University of Cape Town 


An attempt was made to discover how persistent the effects of handling before 
weaning are on activity, grooming, emotional elimination and learning in adult rats; 
whether there is an interaction of the effects of handling and the effects of cage size on 
the behaviour of rats; and whether the daily removal of the mother during nursing has « 
any effects on the pups. 

Since all differences between handled and undisturbed animals found at 50 or roo 
days were found at 220 days, it was concluded that the effects of handling in infancy are 
persistent. The hypothesis that cage size and removal of the mother during nursing 
significantly affectfadult behaviour was not supported by the results. 


INTRODUCTION x 
Handling has been found to raise the resistance of rats to immobilization 
(Weininger, 1953), to glucose injection (Levine, 19574), and to cold (Levine, Atpert 
and Lewis, 1958). The growth rate of handled animals is greater, food utilization is 
better, and thyroid activity is lower (Ruegamer, Bernstein and Benjamin, 1954). 
. Behavioural characteristics of handled rats are tameness and greater ambulation 
in the open field (Weininger, 1956), less emotional behaviour, such as grooming, 
freezing and defecation in the test situation (Levine, 1956), more rapid consummation 
after water deprivation (Levine, 19570), greater dominance (Mezei and Rosen, 1960), 
and a rapid acquisition of an avoidance response (Levine, Chevalier and Korchin, 
1955). 
The question of the persistence of these effects does not seem to have been raised. 
A review of the ages at which animals were tested for the effects of handling 
- Shows that the most striking differences were found with animals tested relatively 
young. Weininger (1953, 1956), commenced testing his animals at nearly 60 days, 
Levine (1956, 19574, 1957b) commenced with his oldest animals between the ages of 
and 70 days, Ruegamer eż al. (1954) tested their animals at 56 days, and Mezei 
and Rosen (1960) tested their animals at 47 days. These experimenters found 
Significant differences between their handled and control groups, but it is not known 
Whether these differences would have persisted. , 
The following experimenters, who did not find pronounced differences caused 
by handling, tested their animals at rather later ages. Gertz (1957) tested animals 
- 3t 120 days which had had only one experience of handling; Scott (1955) commenced 
4 testing his animals at 119 days, but reduced the value of his experiment by handling 
the contro] group once a weck for weighing; and Ader (1959) tested his late-handled 
jl Stoup at 181 days, only rs days after their last experience of handling. These 
Studies do not provide conclusive evidence for any lack of permanence in the effects 
of handling , and it remains to be shown that the effects of early handling can continue 
to affect the behaviour of adult animals for long periods. _ : : 
The first problem to which the present experiment is directed is the persistence 
the effects of handling before weaning on growth rate, activity, grooming, emotional 
Imination. avoidance learning and elevated maze learning. i 
Another possible source of discrepancy in studies of the effects of early handling 


of 
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is the size and nature of the cage. The cages used by Ader (1959) allowed a free 
view of the room, while the cages employed by Levine (1956) were somewhat 
restrictive, preventing the animals from having much of a view of their environment 
Cages used by Ader were also larger than those used by Levine. 

It was decided to investigate the interaction of the effects of handling and the 
effects of cage size on behaviour because cage size may be an important stimulus 
variable in the life of laboratory animals which may serve to either increase or decrease 
the effects of handling. 

It was also decided to investigate the effects of daily removal of the mother for 
the equivalent of the handling period of 15 min. This was done to discriminate 
between the effects of handling and the effects of removal of the mother on the 

„behaviour of the handled group. 


DESIGN 


A total of 126 subjects, representing five types of treatment, was divided into 
three groups, each group to be tested at a different age. 
The five treatments were: 


(i) sh: handled and housed in small cages (8 in. x 12 in. x 6 in.); 
(i) Ih: handled and housed in large cages (57 in. x 10 in. x ro in.); 
(iii) su: undisturbed, housed in small cages; 
(iv) lu: undisturbed, housed in large cages; 
(v) sm: mother removed daily for equivalent of handling period of 15 min; 
but untouched by hand and housed in small cages. 
Distribution of subjects is given in table below. 


TABLE I 
DISTRIBUTION OF SUBJECTS 


Treatment 
Age at test 


Apparatus Merson 
Avoidance traini efe 
elevated T-maze, cesi: tam similar to that described by Miller (1948) and 9. 


E glass-walled box measuring 24 in. X x i AS, 
height of 5 in., an aperture 3 in. mpartments by a perspex wall in which was SP». tary 


The elevated T-maze consisted i : A at th 
top. Illumination was by a et at aed 30 in. high and 1 in. across 


PERSISTENCE OF INFANTILE HANDLING EFFECTS 149 


The females selected for breeding were of the same age, 110 days, and were of the 
Wistar strain kept in the Department of Physiology of the University of Cape Town. 
During the gestation period they were handled in order to tame them so that they could 
be removed from their cages without difficulty when the time came for handling the pups. 
Immediately they had given birth, the number of pups per litter was brought down to 

ix to eliminate, as far as possible, differences in nutrition and competition. 

Pregnant females were housed individually. Entire litters were randomly 

each treatment (handling, ignoring, or removing the mother for 15 min, each day). 


(i) Treatment. Handling occurred daily and followed the,routine given below. 
After the mother had been removed from her litter and placed in another cage, the 
were individually picked up between the thumb and the index finger of the left hand 
transferred to the palm of the right hand. Each pup was stroked along its back. 
n the base of the skull to the tail with the index finger of the left hand at a rate of 
pproximately one stroke per sec. After 30 sec. the pup was transferred to a small 
sompartment (3in. x 3in.) in a cardboard box. After 9 min. the pup was returned to 
fts nest. The mother was returned 15 min. after removal. 
_ The ignored group never had the mother removed, and the mother-removed group 
lad the móther removed for 15 min., but the pups were not handled. 
Handling commenced not more than 24 hr. after birth. When a new litter assigned 
D handling treatment was found during the daily inspection of cages, handling of the 
Pups was commenced immediately. ; 
At 25 days the pups were weaned, weighed, sexed and marked on their ears before 
Tandom assignment to large or small cages. Both the large and the small cages had 
en wire front and top and solid back and sides. All animals were able to look freely 
through the cage front. Droppings and waste fell through the grid into trays of sawdust 
Which could be removed and cleaned without handling the ani i s 
. Four animals were housed in each cage in a room kept at a temperature of 70° F. 
they were not handled between weaning and testing. 
Food and water were available ad lib. 
L. Subjects were in three groups, each containing all five types of treatment, to be 
ested at three different ages: 50 days, roo days, and 220 days. 
__ Thirteen litters supplied the animals of G50 and G220. Of these, 37 were females 
Ahd*;: were males; but three females and one male died after weaning. The males were 
lotted to G5o and the females to G220, since it was decided to keep groups unisexual in 
der to reduce standard deviation which might obscure differences caused by treatment. 
Was not supposed that there would be a significant interaction between sex and 
tment, but it was thought that mean scores for the sexes might be different. To ore 
nine more litters, composed of 22 males and 32 females, were bred later to be tes 
100 days. Two of the males of this group and none of the females died after weaning. 
The number of animals in each cage was brought up to four, in some cases by using 
itional animals from litters bred at the same time which did not fulfil all requirements 
inclusion in the experimental groups (litter less than six, members of the litter died 
Store Weaning). 


- (ii) Testing. All groups were tested in the same way. G50 commenced testing at 
50 days, Groo commenced’ ssn at roo days, and G220 commenced testing os ce as 
2 — vem was weighed on the first day of testing. Each series of tests lasted from 
3 weeks. 

(A) Each animal was given three preliminary runs of 3 min. each, at the rate of one 
day in the avoidance Aa eec No shock was given in these trials. VOU 
* taken of rears, crossing between compartments, latency to first crossing in eac 


n: ruħ, grooms and elimination. trial i 
(B) Avoidance training was commenced at the rate of two spaced trials (go-min. 


unding. If at the enc ' of shock the animal had not escaped, it was assisted 
TOugh the alus ee was returned to its home cage immediately it had 
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completed the avoidance response. The number of trials to establish the avoidance 
response and the latency to response were recorded. 

(C) Extinction trials commenced immediately a subject had learnt the avoidane 
response and continued until a criterion of two successive no-responses of 30 sec. each had 
been reached. Two spaced trials (go-min. interval) were run per day. The number 
of trials to extinguish the avoidance response and the latency to response were recorded. 

(D) Subjects learnt the elevated T-maze at the rate of one trial per day for s days 
for a water reward under conditions of 21 hr. water deprivation. Each animal was allowed 
to remain on the maze until he had reached the goal. The situation was evidently fear- 
provoking and differences in emotionality should have shown up. The reward wa 
10 sec. consumption of water. Time to reach goal and time to consume water were noted. 
Levine (19575) found that handled animals consumed more rapidly after water 
deprivation. 1 


E RESULTS 
Comparison of differences between handled and undisturbed animals 
(1) Rate of growth as revealed by the ratio of weight at testing age to weight at 
25 days was not affected by any of the treatments. L 
(2) Activity was measured by rears, crossings between compartments, and 
latency to first crossing in the preliminary trials. 


At all three ages the handled animals were found to rear more than the undisturbed 
animals at better than the 1 per cent. level of confidence. 


TABLE II 
F VALUES FOR DIFFERENCES BETWEEN HANDLED AND UNDISTURBED ANIMALS 


Groups 


G100 days 


G220 days 
ghe 5m female female 
A. Preliminary — 

Latency |. I2 ^? 21:72 
Grooms  . 2:5 T4 
? 0:3 4°75 
B. Avoidance learning 
IM ofS T gat 
tency E m 8o3'* 
c. xti 
DAD. E s j Se 52° 
s Bi . r9 r5 
D. Elevated 
Ti 
Time to fst consumption `" = a 
ee A 25 din ro 
E. Weight increase — .. d ! sa 2 


Y = 5 per cent. level of confidence 
= 1 per cent. level of confidence 
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— Handled males crossed the barrier more frequently at 100 days than undis- 
urbed males, and handled females crossed the barrier more frequently than 
mdisturbed females at 220 days. No differences were found between handled 
ind undisturbed males at 50 days or females at 100 days. The combined F value 
« males and females at 100 days (F = 3:9, $ < 0-05) reveals significant differences 
between handled and undisturbed animals, 

- Latency to first crossing revealed differences between handled and undisturbed 
mimals in the same classes as crossing scores above. Differences failed to appear 
imong the males at 50 days and the females at roo days. A combined male-female 
F value at 100 days revealed that handled subjects had a smaller latency to first 
crossing than undisturbed subjects at better than the 1 per cent. level of confidence 
(F = 8-96). 
| No measure of activity was affected by either cage size or removal of the mother» 
Interaction scores between handling and cage size were non-significant. 

(3) Grooms. Undisturbed animals groomed more at 50 days and at 220 days. 
Vo differences appeared at roo days. Grooming of animals at 50 days and at 100 
days was significantly increased by housing in large cages as compared to housing 
in small cages. Interaction scores of some significance were found aj 50 days 
(F = 4:53, ^ < 0-05) and at 220 days (F = 6:0, p < 005). Removal of the mother 
did not significantly affect scores. 
(4) Elimination. Under the conditions of our experiment elimination was found 
to be restricted to a small number of individuals scattered eccentrically among the 
ratments. Emotional elimination in the testing apparatus did not distinguish 
Among treatment types. 
(5) Avoidance learning. Gso and G220 handled animals learnt the avoidance 
Tesponse in fewer trials than the undisturbed animals. No differences were found in 
Gtoo. Only in G220 did the handled animals have a smaller mean response latency 
for all trials for each rat than the undisturbed animals. Cage size produced no 
‘Significant effects. Neither did removal of the mother. 
- (6) Extinction trials. Only at 220 days did handled animals extinguish the 
avoidance response faster than undisturbed animals. Neither cage size nor removal 

of the mother significantly affected results. , 

(7) Elevated maze. Handling, cage size, and removal of the mother did not 
"lect scores on the elevated maze. They 
(8) Sex differences in performance were analysed in group 100. Were 
found in rears (F = 6:8, Hi: 0°05), crossings (F = 7], ? < 0°05). Females were 
More active and required more trials to extinguish the avoidance response. They 
groomed less than males did. No significant interaction values between sex and 
handling were found, so that we can safely assume that, though the level of scoring 
‘for males and females is different, the reaction to the experimental treatment 1s the 


: parison of average scores at three different ages 

— (t) Stable scores. The level of rears, grooms, trials to learn the avoidance 

"ponse, trials to extinguish the avoidance response, latency in making avoidance 

f E onse during extinction trials, and errors on the elevated maze is almost identical 
at all ages. 

(2) Scores showing increase in activity. The level of latency to first crossing in the 

Preliminary trials e to decrease slightly with age, which means that older 
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completed the avoidance response. The number of trials to establish the avoidance 
response and the latency to response were recorded. 

(C) Extinction trials commenced immediately a subject had learnt the avoidance 
response and continued until a criterion of two successive no-responses of 30 sec. each had 
been reached. Two spaced trials (go-min. interval) were run per day. The number 
of trials to extinguish the avoidance response and the latency to response were recorded. 

(D) Subjects learnt the elevated T-maze at the rate of one trial per day for 5 days 
for a water reward under conditions of 21 hr. water deprivation. Each animal was allowed 
to remain on the maze until he had reached the goal. The situation was evidently fear- 
provoking and differences in emotionality should have shown up. The reward was 
10 sec. consumption of water. Time to reach goal and time to consume water were noted. 


Levine (19575) found that handled animals consumed more rapidly after water 
deprivation. à 


REsULTS 
Comparison of differences between handled and undisturbed animals 
(1) Rate of growth as revealéd by the ratio of weight at testing age to weight at 
25 days was not affected by any of the treatments. 


(2) Activity was measured by rears, crossings between compartments, and 
latency to first crossing in the preliminary trials. 


, At all three ages the handled animals were found to rear more than the undisturbed 
animals at better than the 1 per cent. level of confidence. 


TABLE II 
F VALUES FOR DIFFERENCES BETWEEN HANDLED AND UNDISTURBED ANIMALS 


Groups 
—— 
G10o days 
G50 days —— ——, G220 days 
Tests male male female female 
: basic (5 Mio. |o ra 
A. Rminmy 
ears. . y 
n hs 18:2** 20-1** 6:3* II4 
amd Pa L. cn r6 I4:7** iH ) 2171 
tt 4 
G tt nm I'l 13:9** 2:8 174 
TOOmS 5:4* 0:3 0:3 4°75" 
B. ance learning 
Lees é Ce eu me 4:26* Oe or Be 
cy b M Et 38 oo 0:6 8:03" 
C. Extinction 
en 3 e Ae ANDE M Ts oo on 244 52" 
cy m £5 MM 1:6 Or 1-9 1:5 
D. eee maze 
ime to goal 
a . v 8 i 2:53 
Time to first consumpti : hs en 
ption.. 1:6 0:2 5 2'4 
Errors ae aa 0:3 o 2 ro 
E. Weight increase at Be I:2 0:3 2:3 
: oI 


E — 5 Per cent. level of confidence 
— 1 per cent. level of confidence 


PERSISTENCE OF INFANTILE HANDLING EFFECTS 15! 


Handled males crossed the barrier more frequently at roo days than undis- 
turbed males, and handled females crossed the barrier more frequently than 
undisturbed females at 220 days. No differences were found between handled 
and undisturbed males at 50 days or females at 100 days. The combined F value 
for males and females at 100 days (F = 3:9, p < 0°05) reveals significant differences 
between handled and undisturbed animals. 

Latency to first crossing revealed differences between handled and undisturbed 
animals in the same classes as crossing scores above. Differences failed to appear 
among the males at 50 days and the females at roo days. A combined male-female 
F value at 100 days revealed that handled subjects had a smaller latency to first 
crossing than undisturbed subjects at better than the 1 per cent. level of confidence 
(F = 8-96). 

No measure of activity was affected by either cage size or removal of the mother 


. Interaction scores between handling and cage size were non-significant. 


(3) Grooms. Undisturbed animals groomed more at 50 days and at 220 days. 
No differences appeared at 100 days. Grooming of animals at 50 days and at 100 
days was significantly increased by housing in large cages as compared to housing 
in small cages. Interaction scores of some significance were found af 50 days 
(F = 4:53, p < 0-05) and at 220 days (F = 6:0, p < 0°05). Removal of the mother 
did not significantly affect scores. 

(4) Elimination. Under the conditions of our experiment elimination was found 
to be restricted to a small number of individuals scattered eccentrically among the 
treatments. Emotional elimination in the testing apparatus did not distinguish 
among treatment types. 

(5) Avoidance learning. G50 and G220 handled animals learnt the avoidance 
response in fewer trials than the undisturbed animals. No differences were found in 
Groo. Only in G220 did the handled animals have a smaller mean response latency 
for all trials for each rat than the undisturbed animals. Cage size produced no 
significant effects. Neither did removal of the mother. 

(6) Extinction trials. Only at 220 days did handled animals extinguish the 
avoidance response faster than undisturbed animals. Neither cage size nor removal 
of the mother significantly affected results. 

(7) Elevated maze. Handling, cage size, and removal of the mother did not 
allect scores on the elevated maze. 

(8) Sex differences in performance were analysed in group 100. They were 
found in rears (F = 6-8, p < 0:05), crossings (F = 7'1, P < 0:05). Females were 
More active and required more trials to extinguish the avoidance response. They 
groomed less than males did. No significant interaction values between sex and 
handling were found, so that we can safely assume that, though the level of scoring 


for males and females is different, the reaction to the experimental treatment is the 
Same, 


Comparison of average scores at three different ages j 

(t) Stable scores. The level of rears, grooms, trials to learn the avoidance 
"sponse, trials to extinguish the avoidance response, latency in making avoidance 
Eu during extinction trials, and errors on the elevated maze is almost identical 
at all ages. i 


(2) Scores showing increase in activity. The level of late 
Preliminary trials tends to decrease slightly with age, 


ney to first crossing in the 
which means that older 
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TABLE III 


AVERAGE SCORES OF HANDLED AND UNDISTURBED ANIMALS 
————— SSW 


Groups 
G50 days | G10oo days G220 days 
| -— 
male | male | female female 
Tests h u h [NT D: u h u 
A. Preliminary | ‘ 
Rears ^ ved vr 57 70 51 82 64 84 60 
Crossings .. hall agg 4:7 | 124 63 | 163 | 13:3 | 138 | 4$ 
e Latency .. «| 361 418 193 356 176 266 159 369 
Grooms .. ma I4 2-7 2:6 3'1 I:2 I'3 1-2 29 
B. Avoidance learning P J 
Trials — .. Ad VS 5 4 3'9 40 43 45| 8] 
Latency .. -.| 10377 | 1846 | 58 578 | 4r4 | 59 84:1 | 356 
C. Extindlion | 
Trials — .. ++} 106 | 107| rr] 15-7 | 17:6 | 238 | 17:0 | 240 
Latency .. --| 83:8 | 86-3 | 100 105 126 93 120 94 
LJ 
D. Elevated maze | 5 
Total time to goal | 163-7 | 230:8 | 340 6 20 83 | 466 | 60 
Total time to first Siit B | 
consumption ..| 117-0 | 163-5 | 266 | 354 354 421 | 438 | 597 
Total errors LU LIE 13 10 II 12 12:7 13:5 $ 
E. Weight increase ..| 331 | 343 | 688 645 | 485 | 505 | 53:5 | 575 
| 
M —— À—n ——E——————E— ne€ EQ 


u = undisturbed 


animals tend to cross the barrier from the s 
rather sooner than younger animals. Fre 
days and 1oo days than at 50 days. 


(3) Scores showing decrease in activity. On the elevated maze the total time 


ga n reach goal and the total time to consume water for the first time tend t0 
increase with age. 


tarting compartment into the adjacem | 
quency of crossing is also higher at 22 


Dr 
() Handling SCUSSION 
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differences show a decline at roo days? That is what our evidence indicates, but 
the explanation is not clear. 

The possibility that large overriding changes in the actual level of performance 
might be responsible for these two tendencies is not strongly supported by an 
examination of average scores. There is no clear tendency for scores at 100 days to 
be either higher or lower than scores at other ages. 

How can we explain the increase in differences between handled and undisturbed 
animals with age? It appears that two types of explanation could be offered, both 
starting with the assumption that a higher level of fear causes a lower level of activity 
(Montgomery, 1955). E 

The first and most obvious explanation is that early-handled animals are tamer 
and respond with less fear to handling in the tests. Previously undisturbed animals 
might reasonably be assumed to tame more easily at 50 days than at 100 days or“ 
220 days. The conclusion from this would be that the previously undisturbed 
animals would adjust more rapidly the earlier the testing and show less difference 
from the early-handled group. 

If this explanation is correct, then we should expect the first tests in the series 
to show greater differences between the handled and undisturbed animals,than the 
later tests. This is so. More differences appear in the preliminary runs than in 
the avoidance, extinction, or elevated maze trials. A second though not necessary 
deduction, that the first preliminary trial should distinguish more definitely between 
handled and undisturbed animals, is not confirmed by an analysis of the results. 
Nor is the possibility that these groups differ rather in their rate of habituation in 
the preliminary runs than in first reaction to the extreme novelty of the first run 
supported by any consistent trend in their scores. The data of G50, Groo and 
G220 show no single pattern of increasing or decreasing difference between handled 
and non-handled groups. Nor is there a consistent pattern within any age group 
Which would enable one to draw conclusions about the róle of age. 

A further source of evidence is the actual level of performance at the three ages. 
If the differences are greater in later tests because animals are more difficult to tame 
ata later than at an earlier age, we might expect that the undisturbed group would 
be less active at 220 days than at roo days, or at roo days than at 50 days. The 
tendency is not very definite, so that again we can draw no firm conclusions. It is 
Possible that handling has other effects in addition to the taming effect. 

It is this second possibility which has received most attention. It has been 
hypothesized by various writers (Ader, 1959; Levine, 1960) that early stimulation— 

| of which handling is an example—produces changes in adrenal responsiveness. It 

_ S known that early handling accelerates the appearance of the adrenal response to 

E cold (Levine et al., 1958) and decreases the total adrenal response to immobilization 

Weininger, 1956). There is evidence that handled animals respond to stress by a 

E rapid rise in the level of adrenalin in the blood, but that the level also declines 
ore rapidly (Levine, 1960). : 

Lem from this ie observation would be that handled animals should 
“cquire the avoidance response more rapidly and extinguish more rapidly. This is 
Partially borne out by the fact that handled animals require fewer trials at 50 and 
220 days to learn avoidance. But only at 220 days do they extinguish in fewer 
ae 2 The importance of adrenal secretion in maintaining an Sende 
let e Shown with dogs (Wynne and Solomon, 1955). p aci dad él 
* avoidance response within one or two trials whereas intact animals continu 


° make avoidance responses for hundreds of trials. à 
| € exact way in ahh adrenal responsiveness of early-handled animals is 
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ionship of this to the entire functioning of the nervous system 
e qued And it is not clear yet precisely what kinds of early 
stimulation will produce such an alteration, and what relationship it has to taming 
The results cannot be accounted for entirely by habituation to contact with the 
experimenter. If that were so, differences would be at their peak at 50 days, and 
then decline as a function of the time elapsed since the last experience of handling. 
But the additional assumption that it becomes more difficult to tame an animal 
the older it is before taming is begun, remains a possible explanation of the apparent 
increase of some differences between handled and undisturbed animals as they grow 

older. 


(ii) Cage size 

Animals from the large and small cages showed few differences. Since both sets 
had a free view of the room, the difference in their experience was probably proprio 
ceptive. One might have expected differences in level of activity, but this 
expectation was not confirmed. That there were no differences in learning speed 
on the elevated maze confirms Forgus’ (1954) finding that there is little difference 
between the maze learning ability of a “complex visual and complex proprioceptive 
group and a complex visual and poor proprioceptive group.” It is possible that 
visual restriction would produce greater interaction with handling. 


iii)? Removal of the mother 
) 


The removal of the mother for 15 min. a day did not affect behaviour variables 
in this experiment. Possibly, if the mother had not been carefully tamed before 
the experiment, different results might have been obtained. The mother's reaction 
to removal may be more important than the pups'. ; 

Untamed mothers are extremely agitated by removal from their nests, When 
they are returned they usually remove the entire litter to another part of the E 
tread on the young, and lick them. If the mothers are not previously tam E 
removal may still be an important variable to control in experiments of this ‘kind. 
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TACTILE DISCRIMINATION OF SHAPE BY OCTOPUS 


BY 
M. J. WELLS 
From the Department of Zoology, Cambridge 
Experiments are described showing that Octopus can be trained to distinguish by 
touch between a cube and a sphere, a surprising result since previous work has always 
indicated that octopuses cannot take proprioceptive information into account in learning 
It can be shown, however, that the cube/sphere discrimination is made by detecting the 
distortion imposed on the rims of individual suckers in contact with the corners of the 
^ cube. Thus it is shown (1) that a cube with the corners even slightly rounded is les 
readily distinguishable from a sphere than a cube with sharp corners and, more important, 
(2) that a narrow rod is readily accepted in place of the cube by trained animals. Indeed, 
the rod seems to be a “‘better’’ cube than the original, and errors of discrimination decreas 
when it replaces the cube, presumably because it lacks flat surfaces liable to be confused 
with the surface of the sphere by a system depending on information from sense organe 
arranged in circles on the rims of the suckers. 


INTRODUCTION 


Octopuses can readily be taught to distinguish between objects by touch 
provided that they differ in texture. Objects differing in weight, or in the orientation 
or pattern of surface irregularities, are not distinguished. It has been argued thit 
these results show octopuses to be incapable of taking proprioceptive informatior 
into account in tactile learning, for the discriminations that they fail to make are 
those that would require the integration of information from internal and superficial 
receptors (Wells, 19614, 1962; Wells and Wells, 1957) : 

Shape discrimination, which can be done only by making use of informati 
from internal receptors to locate the relative positions of the surface sense orgal® 
registering the contact, should therefore be impossible for octopuses. The expe 
ments reported here were made to check this. l 


: MATERIAL 
Octopus vulgaris Lamarck of from 2 50 to 500 gm. from the Bay of'Naples were used. 


The animals were blinded by section of the optic nerves (Wells and Wells, 1956). 


lesions to the inferior frontal system (Wells, 1959) were checked from serial sections. 


of a number of trials at each of whic ES "d 
uld 


his way, and punished by means of a 6-9 volt A.C. E 
lt that after the first few trials a proportio. 
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n sf i 
s = ite oe eon have been made under these conditions and tal . 
1962). The trials were arranged in these se learn to recognize the trials’ sequen? octopl 


th Lies METHOD 

e animals were trained usi i : has 

fully described elsewhere (Wells as S idunt technique thal onsistl 
Sequences rather than at random because 
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learns so rapidly (see, for example, the first part of the experiment plotted in Figure 1— 
with animals that had no pretraining). A consequence of this is that a succession of three 

- of four negative trials, as is bound to occur quite often in a random sequence, can result 
in the animals ceasing to take the test objects altogether for a period of hours or even days. 

- During this time, octopuses subjected to a more evenly distributed sequence of positive 
and negative trials continue to learn; but the results of the two are scarcely comparable 
as the former animals presumably learn nothing about discrimination while refusing to 
take the objects. Unless a systematic order is used, the length of training is normally 
insufficient for such effects of trial sequence to cancel out and to ensure that all individuals 
are subject to comparable proportions of positive and negative trials. The sequences 
given above avoid strict alternation while ensuring that each animal has had the same 
number of positive and negative trials by the end of each day's training. In the 20-trial 
groups, the sequence is further arranged so that each half of each group contains 5 + and 
-$— trials; learning within the group and the effect of intensive training on the overall 
level of response can be studied (see Wells, 1962). For the present experiments, 18. 
octopuses were trained, but one of these was later found to have some optic nerves 
remaining, and the results with this animal have been discarded. 

The objects to be distinguished were of perspex, P1 and P4 being respectively grooved 
and smooth cylinders, PC a cube, PC2 a similar cube with the corners rounded off, and 
PSasphere. A sixth object, PR, was a length of perspex rod having the same radius of 
curvature ae the rounded corners on PC2. The objects are shown, drawn to the same 
Scale, in Figures 1 and 2; the cylinders were 3-0 cm. long and 2:5 cm. in diameter. No 
effort was made to ensure that they were of the same weight as previous experiments 
had shown that octopuses cannot detect weight differences (Wells, 1961a). 

* 
FIGURE 1 


o 
RESULTS 


_ Nine out of the seventeen animals were first trained, at eight trials per day, to 
distinguish between Pr and P4, with the smooth cylinder P4 as positive object. 
is is an easy discrimination for octopuses (Wells and Wells, 1957) and they all 
leamed to discriminate. All 17 animals were then trained to distinguish between 
PS and PC, eight of them with PS as positive object and nine with PC as positive. 
These results are summarized in Figure 1; most of the animals failed to discriminate 
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Training was then continued with seven of the animals (the other three E 
for an experiment on size discrimination), with a further object, PR, substituted f 
PC2 or PS. PR was a length of perspex rod having the same radius of curvater | 
as the rounded corners of PC2. In two instances PR was first presented in pla 
of PC2 and in five, in place of PS, Twenty training trials were made, followed by 
zo more trials with PR substituted for the other object. The results of thee 
experiments are given in Figure 2 and Table I; they may be summarized as showing 
that PR is treated as a cube. Thus in the six instances where PR replaced the 
sphere as positive object, errors rose sharply because the animals, already trained - 
reject PCa, rejected PR qs well; these six octopuses averaged 11-7 errors in 20 trial 
compared with 6*3 out of 20 before the change (x, I d.f. = 15:6 p < o-or). Whe 
PR was presented instead of PC2, performance actually improved, and the animal 
^ *^made rather fewer errors than before the substitution, averaging only 4:7 mistake 
(cf. 6-3, the difference is not, however, significant —y, 1 d.f. = 2:03, p o'15). A 
similar result was obtained in the single instance where PC2 was positive objet 
before the change. This animal made four errors in the 20 trials before PR was 
substituted for PC2. In the next 20 trials, with PR in place of PC2, it did stil 
better, making only three mistakes. When training was continued, with PR gives 
PS, the negative object, the animal started making mistakes by taking 
as PC2; despite frequent shocks it made 12 mistakes in the following 39 
not only confused with PC2 in these experiments; it was 
" erbe than PC2 so far as the octopuses were con 
presumably because it had no flat surfaces that could be mistaken for sections of 


l 
ij 


Finally five mre animals had further training to distinguish between PS and 


Discussion 


The experiments described above show that oct ht to 
; opuses can, be taug 
distinguish by touch between a cube and a sphere. This was unexpected. The 


in learning to discriminate; m sies in surface curvature and the number b in 
of the diameter 


is the distortion imposed on indivi : } on 
the arm as a whole (Wells, J. op Baa Dein ws than the curvature imposed 
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the detectable difference between a cube and sphere so far as Octopus is concerned. 
ftis not therefore necessary to suppose that the animal is using information about 
the relative positions of the individual suckers, or about the way that the arm is 
bent in wrapping around the object; it need only be supposed that it can detect that 
‘the rims of some of the suckers are distorted by the contact. The present experiments 
‘thes confirm previous work, all of which has gone to show that octopuses are incapable 
utilizing information from internal receptors in learning (for a survey and discussion 
of these experiments, see Wells, 1962). 


FIGURE 3 
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Maps of lesions made in animals trained to distinguish between a cube and a sphere. 
I» Part removed in each case is shown in black on a diagram representing a median 


Xitudinal section through the supraoesophageal lobes of the brain. None of these 
continued to discriminate after the operation. 


It is not known what receptors are concerned in registering that the rim of a 
"Ker is bent, but a number v types of sensory cell have been described from the 
*Pithelium: and superficial muscular layers of the rims of the suckers (Rossi and 
dei, 1958) and several of these are so placed that they must be subjected to 
b ession, or shear forces, when the rim is bent. Discrimination seems AY 2 

based on signals from these receptors, which are in all probability also the 
Teceptors concerned in the discrimination of objects differing in texture; experiments 
7A textural discrimination indicate that the amount of deformation of the suckers 
contact is the quantity measured by the animal (Wells and Wells, 1957). 
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The breakdown of discrimination following inferior frontal damage shows at 


square discrimina! 
texture (Wells, 1959, 19615, 1962). 
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SHORTER ARTICLES AND NOTES 
PROBABILITY-LEARNING IN THE MONKEY 


BY 


WM. A. WILSON, JR., MARLENE OSCAR, and M. E. BITTERMAN 
From the Department of Psychology, Bryn Mawr College 


“Tested in a choice-situation, two rhesus monkeys showed a correspondence between 
sice-ratios and reinforcement-ratios. The basis of this event-matching proved to be 
ent in the monkey from that in lower forms. 


INTRODUCTION 


Previous experiiaents on probability-learning in the monkey (Wilson and Rollin, 
59; Wilson, 1965, Meyer, 1960) have given no evidence of the event-matching which is 
in fish (Behrend and Bitterman, 1961) and pigeon (Bullock and Bitterman, 1962). 
d in choice-situations, both fish and pigeon have been found to show, a close 
ondence between choice-ratio and reinforcement-ratio as the reinforcement-ratio 
Baried from 50:50 to 100:0. If, for example, one alternative is reinforced on a random 
per cent. of trials and the other on the remaining trials, both species come to choose 
h trials. By contrast, several 
ielded only maximizing—that is, choice of the more 


als. In the experiment to be reported here, a correspon 
i reinforcement-ratio was found for the first time in monkey. 


` METHOD 

— Two experimentally naive rhesus monkeys, 2-3 years old, were tested in a chamber 
was set into a S nalate sound-reducing enclosure. In one wall of the chamber 
fre mounted two retractable levers (7 in. apart and 12 in. above the floor); a centred 
-cnp (5 in. above the floor); and a centred Plexiglas panel (2 in. x 3 in.) at the height 
the levers. Each session began with the levers retracted and the chamber dark. After 


ec. interval i i from the rear; 10 resses on the panel turned 
erval, the panel was illuminated E i to be presented. 


* panel-light off, turned the house-light on, and caused s 
Response to either lever caused both levers to retract and turned off the house-light. 
M incorrect response was followed simply by à To-sec. period of darkness, after wae 
the panel-light was turned on once more. A correct response delivered a peanut to = 
d-cup and turned on the food-cup light for 4 sec.; a 6-sec. period of darkness Mea 
h Eu offset of the food-cup light and the onset of the panel-light with w 
* gan. : 
;. The animals were tested in 25-trial sessions, of which two usuall 
B gebitorcemen eral was 70:30 for I, : 
j d i i * 1. . 
Rico qoi cote Oe "Random series were chosen to determine which 
the restriction that each lever be correct 
a i i rocedure was used: no limit was 
met exactly in each set of 5o trials. A correction p xe ee bo et 


i i . Allofthe experimental contingencies 
» animals were recorded on tape. 


t choice made on each trial, repetitive errors ] i 
ing omitted from the computations. (Consideration one Eve roe 
by the fact that the correction method forces response to the minority f 
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When all responses are counted, the results are biased against maximizing; pure mab 
mizing cannot, in fact, appear. The bias becomes especially strong with the eliminate 
of repetitive errors as training continues.) As may be seen in the Figure, both animus 
tended to maximize in the first phase of the experiment, but in the subsequent phus 
their choice-ratios came closely to approximate the reinforcement-ratios 


FIGURE 1 


20 
200-trial blocks 


Individual preferences in each phase of the i eati 
a experiment for the lever more freq 
reinforced in the first phase. The reinforcement-ratio in each phase is shown. 


Several questions may be asked with respect to these data: 


(1) What is the reason for the discrepan d 
^ cy between the results for the first phas 
n ecce iron those for the subsequent phases? Experience with $ 
ae in may be important; it is conceivable, for example, that further 
DER PM problem would have brought the curves down to the T" 
eratote dul It is conceivable, too, that the 50:50 schedule served to b! 
tane Bo bias. The first question can be answered only by Í 


(2) What is the reason for the discrepancy between the results of the last thet 
D some of rsh eas and the results of earlier experiments with the ™ - 
Wha tote ve saat ed work, a noncorrection procedure was used ; this P 
probability al (ecc that the animal will be reinforced for choice of the v 
ME re eee ee nisiiting in fish and pigeon. uu 
which, like oe gy wd reliance was placed on "implicit" correctitt 
Only in one i T e ree ed distribution of reinforce. 
and Bind which involved guidance for some mo 
which A for others, did the Procedure employed resemble thos 

an initial 75:25 probl in fish and pigeon, but training was not carrie bo 

farther areis 5 irre Whether in that experiment, as in the present 9h. 
said. It should be noted. "reis would have produced matching cannot 
were iibécked àb-inorí ceder that the conditions of the present experi 
it was to be found at all i y than those of the earlier one to show matching 
which make for matre monkey) on the basis of a study of the Coa 

1964). One rule eres hing in the pigeon (Graf, Bullock, and Bitte 

appear when the consequences « from this study is that matching is more Kt 

significance. uences of incorrect choice are of substantial motiv® 

(3) What is the relation between th : has 
of this experim e matching which appears in the last three Pt 

ent and the matching of fish and pigeon? That te 7 
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enomena are quite different is suggested by the fact that both monkeys showed 
rked tendency toward pondus rape eren den rng In the 


three times as likely as persistence. In the 30:70 of the 
d phase, the alternating tendency was superimposed 
the majority stimulus; the animals chose the 70 - 

% per cent. of trials following reinforcement on the 30 per cent. side, as compared 

h 58 per cent. of trials following reinforcement on the 7o per cem 

6 x 030 + 0:58 x 0:770 = 0:69). The 40:60 and 60:40 problems of 
h phase produced like results. No such tic can 

in the data for fish and pigeon; at asymptote in a 70: 3o problem, for example, 
th EI cent. alternative is chosen on about 70 per cent. of trials irrespective 

alternative has been reinforced on the trial tely preceding. 

mts with the rat under conditions analogous to those which produce matching 
igeon have for the most part yielded only maximizing. One recent 
ickson, 1961) did, however, produce a correspondence between choice-ratio 


trial the alternative reinforced on the ing trial—an outcome better 
th the results for monkey than with those for fish pigeon. (This statement 
Bitterman's analysis of a sample of Hickson's data which was by 
It is possible, of course that some — of procedure will produce in rat or 
kind of unsystematic matching wi i 
evidence now available seems to indicate the operation of different mechanisms 
mammalian and submammalian forms. 
earch was supported in part by Grant M-4472 from the U.S. Public Health 
id in part by Contract Nonr 2829(01) with the Office of Naval Research. 
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MODIFICATION OF THE DIVING-IN RESPONSE OF THE 
RED-EARED TERRAPIN, PSEUDEMYS 
ORNATA CALLIROSTRIS 


BY 


N. MROSOVSKY 
From the Medical Research Council Unit for the Experimental Investigation of 


x , Behaviour, University College London 
A terrapin will dive off a platform into water. This response was used in a simple 


=- -apparatus with alternative water compartments to study discriminations. A white 
side was chosen in preference to a black side. By introducing shock it was possible 
reverse this or, in some animals, inhibit diving-in. The variability of terrapins and the 
limitations and advantages of the present method for training them are considered. 


INTRODUCTION 


been necessary to “discard any turtle that refuses food, retires within its shell upon the 
slightest provocation and shows a pronounced disposition to sulk” (Casteel, 1911). The 


Nearly all investigators mention great individual differences. 
The uncertainties inherent in using food motivation have been stressed by Yerkes 


error scores of a speckled tortoise, Chelopus guttatus, in a simple maze. The t papt 
descri ttem , : presen 
bes an attempt to produce learning and consistent i mance and some of 
1962) is ien into water as motivation. Recently Gonzalez and Bittent™* 
The eom re sur Saar picta picta and scored on the basis or 
2 O use water entry as an incentive to 
discrimination and score according to the chime ee ae 


METHOD 


Subjects and conditions of housing. The subjects were 19 red-eared terrapi* 
sire ey there (Gray). On arrival Cd North necne in June théf 
RER S i 4 to 8 gm., and the umbilicus was not completely sealed 
paenan adaki only have been out of the nest a few weeks. Their age when he 
the diets were si rer Diui. probably about 5 months. The conditions of housing em 
little ultra viole light was given. Tha heron Lions (1961), except ths 
26+6°C. Weights of given. The temperature in the home tanks was 


^ the animals were recorded weekl laced 
res inh Procedure. Use was made of the fact tha i i 
: t these t ins when p! 
on a platform or rock scuttled off into water below. They would do this either when he 


of about sca [s ve milis shown in Figure x. Access to water from a grey E 
compartment. The hil rs le by diving down into either a matt black or matt W 
walls extended up to a Screens ae pament was 12 X 14 cm. and, at the two © it 


surface 5 cm. below the pitas. aoe rne depth of the water was 7m "avoid 
ermal shock. : 


| | ] 
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Shoch levels. With electrode plates in the water it is difficult to equate the shock 
" hs for different animals. An A.C, transformer su current across the plates. 
if an animal is put into the water the current that through it will depend on 

pure and orientation. If its extremities are far apart the potential difference across 
‘them will be relatively high. Terrapins reacted more strongly when facing the plates, 
if lying lengthwise between them, and this was presumably because potential 
ence across them was greater when their longest axis was at right angles to the 
trades. To measure and equate currents flowing across each animal was not attempted, 
the levels across the electrodes varied after consideration of the performance of 
viduals at a given strength. The current strengths stated refer to what across 
electrodes. Since the water takes most of this the current actually across 
animal will be far less, in the order of a few milliamps. . 3 


FIGURE 1 


Terrapin training apparatus. The two other electrode plates at the division between 
Water compartments are not shown in the figure. 


With very weak 2 sec. duration shocks a terrapin may show increased activity. At 
5 of 260 + 20 milliamp. across the plates, which were initially — Later red 

est animals showed head retraction and immobility during the atte lcg dh 
lant? + 20 millamp. were introduced for animals not showing fu idm my ane 
Jing. For one very small terrapin, 2R, 710 + 20 milliamp. S seaman tremors 
ieri Strengths the limbs may be extended and sometimes show trana eni Pon 
et the shock has ended; a period of reduced activity and diminished 


: E may follow. z f the week. There was 
no 1, timing schedule, Four trials a day were given on 5 days of the the right and 
t g at the week-end. On each day the black shaft was e tria): Moda were 
ive ^! the left, the order being random. For the first 3 weeks (60 decern the no 
sho , After this the animals were divided into two groups. Ate tion shocks were 
ure was continued. For the other 14 rapin was picked out of the 
1 as they touched the water on the white side. The terrapin was pi the platform 

by the experimenter, who wore a light brown coat, and placed dn ^s € 
imenter stood: behind 488 platform and recorded the time to en: ie 3 
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If this exceeded 5 min. the trial was ended. If the animal entered the water 5 se 
elapsed before it was removed and returned to its home tank. 
The animals were fed in the morning, and the training took place between 2.0 and 
5 p.m. The intertrial interval was not constant but was usually 10 or 20 min. 
Retention tests were run on eight subjects at the end of the experiment. Shocks 
were used in retesting. 


RESULTS 


Preferences. Figure 2 shows the strong white preference of most animals. On the 
very first trial 4 terrapins that later stabilized on the white choice went to the black side 
The white preference became even more pronounced in most animals as training progressed 
In 2 animals, 5R and 1B, there was no definite preference, nor did this appear when non- 
shock trials were extended up to totals of 140 and 100 respectively. Subsequent training 
= ~and their reaction in an optomotor apparatus suggested that their eyesight was adequate. 


FIGURE 2 


Number of animals 


10 20 30 40 50 60 70 80 90 100 


Percent white 


Percentage to the White of Responses made in the 3 weeks of preference testing. 


Terrapins sometimes show Is would 


ed slight right and left preferences. Some anima 


turn round on the platform at ti h 
* E i ; poss 

Hobie Pere imes rather than go straight to the water. Bu bly 

say avily overshadowed by the white preference in all animals except e 


, During the first week or 
animals tending to freeze) 
most animals were diving 
remained consistent in fou 


two of preference testin: apid (som 
: g the responses were less rap! k 
and differed more between eius, But by the third © ; 
within a few seconds. This low latency (usually < 5 pt 


5 
the behaviour of one tradi). the animals kept without shock for 20 + I weeks. i 


i (2B) was different in that duri eeks of train 

Be een A Mots dum ul the trials In the E ue e all the ot 

behaviour becam indi E .95 per cent. of the time. But with continued iu 4) 
€ indistinguishable from that of other unshocked animals (se Fig 
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Learning. Comparison of Figures 2 and 3 shows the decrease of responses to the white 
" side with the introduction of suitable shock levels. Figure 4 shows that in some cases 
responses to the white are replaced by remaining on the platform, e.g. 7B, 4B and 11R. 
These 3 animals moved around on the platform and retreated from its edges. The 
30 successive trials they made without entering the water cannot be attributed to the 
reduced activity that sometimes follows shock. In other animals, e.g. 6R and 10B, it is 
hard to be sure whether the staying still on the platform was simply a direct effect of 
shock or learning that entry into the water was liable to be punished. But learning is 
demonstrable from their ratio of black to white responses (compare Figs. 2 and 3). 


FIGURE 3 


Number of animals 


16 20 30 40 30 60 70 80 90 100 
Percent white 


Percentage to the White of Responses made for the last 3 weeks of training 
Maximum shock levels: 
* — 260 milliamp. *** — 710.milliamp. 
** — 510 milliamp. NS — No shocks given. 
i — based on 2 weeks training only. — i n 

m In the centre of each square the number of the Terrapin is given. Figures in the top 
Ev the total number of weeks training (60 trials per week) after the preference 
"pn ended; top right shows the number of responses on which the percentage White 
or the last 3 weeks is based. 


Retention. Out of 8 terrapins tested for retention after gaps of 4-6 weeks without 
dean: one showed no change from the last week of initial learning; seven showed slight 
ecrements but still went more to the black than to the white side. 


; 
DISCUSSION 
gh the animals were 
a 


It seems unlikely th tivation was operative althou| 
Een fed by E aat O coat. It is however possible that the preference 
En ord while the animals were in the laboratory, which had off-white walls. But 

or west is more probable that the white is an indication that water is likely to be present. 

Various turtles from the Pearl River area Anderson (1958) suggested that an open 


orizon was one of "led the hatchlings to water. The black shaft in 
of the factors that guided the gs e terrapin, But the same 


Previous 


esh- 
water turtles shortly after hatching were attracted | 
falling i nts d this experiment show that the diving in response 
t can be used as the basis of a training me c S 
* > hley jumping stand for rats in that the stimulus should be in the visual field as 
len response is made. One advantage of this apparatus is that with most terrapins 
Y Pretraining is unnecessary. The performance of aquatic turtles on a visual cliff 


where only 76 per cent. choose the shallow side, compared to 95-roo per cent. with ri 
is perhaps a related phenomenon. This could be due to lack of fear rather than pow 
depth perception (Gibson and Walk, 1960). 

There are several problems relevant to training the terrapin that the present experimest 
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raises. First if the preferences become stronger as more trials are given it is doubt 
that the word preference is entirely appropriate. Kirk and Bitterman (1963) have als 
found that in Chrysemys picta picta the preference ultimately displayed, a black-right one, 
was not the same as that shown on the first trial. 


within pone of Trials for the last 3 weeks of Training on which a response was matt 


1 = based on only 2 weeks training. 


The presence of the experimenter behi - 
"Hh n hind the stand and the generally ung 
conditions of the laboratory Certainly influenced thelatency, There E great individus 


OUT Gonzalez and Bitterman (1962) b 
experiments the time score is of ling them the basis of their method. In the P 


FIGURE 4 
IB 
2B 
É 
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x) 
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E 
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Percent Responses 


IS surprising though that 5R and 2R only showed s 
Cdi the task involves the suppression of à Pee iti 
Preferences were weak. Xpected these animals to have scored better since their 
Owever the differe: i ^ i a Ae 
compare learning Beea iar shock used and in reaction to shock make it difficw idy 


mals. But it is clear that chelonians can learn IP 


ted T 
Preferences (e.g. 4B and TB) e TES extent to be related to the strengths of the Io. 
either to make a discriminati 
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of animals receiving shock for going to the white is not due to a maturation 

factor. The consistent performance of these animals over many weeks is the most 
encouraging finding of this experiment. 

' I would like to thank Miss A. A. Edwards for invaluable help, Mr. B. B. Boycott for 

his advice and encouragement and the Medical Research Council for supporting the work. 

I am grateful to Miss J. A. Cochrane of the British Museum (Natural History) for 


"Mentifying the Pseudemyds. 
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GROUPING OF STIMULI IN PATTERN RECOGNITION 4$ 
A FUNCTION OF AGE 


BY 


P. M. A. RABBITT 
From the Medical Research Council Applied Psychology Research Unit, Cambridge 


Two groups of subjects aged 20-40 and 40-60 years learnt identifying responses te 
a set of eight patterns. The groups did not differ in rate of learning, but an analysis 
confusions betweenvpattetns revealed systematic differences in the extent to which 
underlying the construction of patterns were used in recognizing them as members 
,Sub-sets before identifying responses were mastered. 


INTRODUCTION 


It has been clear for some time that the simple association of a "stimulus" any 

response" is an inadequate description of the processes of adaptive selection whid 
Bartlett (1932) has shown to be characteristic of human memory. A comparison betw 
the rules of this selection and computer codes is a fashionable analogy (Cldfield, 1954 
which has yielded interesting experiments (Ross, 1961). ‘ 
.. Attneave (1955; 1957) and Fitts et al. (1956) have shown that subjects learning v 
identify patterns code the data they perceive so as to select cues which are discriminativt 
for a set of patterns with which they are concerned, and to ignore cues which are misleadist 
or fedundant. 

_ For any given ensemble of patterns there may be a single optimal set of cues havi 
minimum redundancy, or a number of such sets representing equally efficient syst 
of classification. Sets of patterns may be constructed so as to offer hierarchical syste™ 
of classification, so that two cues may have to be considered in identifying a pattern, te 
first identifying a sub-set of which the pattern is a member, and the second identify 
the pattern within this sub-set. A subject optimizing his coding system by ee 
such conditional cues may be said to be mastering the rules of classification of the set 
Crain Since relevant cues cannot be recognized, nor irrelevant cues ignored 
SR es 

on i i s 
they are identified completely. reflected in confusions made between patte ; 
A series of experiments by Rabbitt (1961) showed that older subjects are less efficiest 
subj Pi dapi when required to respond to categories of stimuli. Further, 
The tollon ‘oun to be less able to ignore irrelevant information in perceptual "T 
meter Fe experiment was undertaken to discover whether these results COU 
ge or coding processes in pattern identification. 


Eight MarERIAL 

ht patterns were used. Each consisted jacent rectang 

d UU N ed of two groups of four adjacent 

pe ea ink X white pasteboard cards. Each Ee measured 14 in. x 

were ink: Leve rectangles were 2 in. apart. In each pattern two of these ec cali 

below. Xr e remaining six left unfilled. The patterns are shown symbol 
k epresents a filled rectangle and O an unfilled one. 


One handed patterns 


: (o (Gy ae) Or 0 X 
2 STOT O O OO x 
a ee NES. 0 000 
4 OPO, X OBONO 0 
Two handed patterns 
2 ONES OLOO . 
6 969,0. X ON OO O : 
7 OOO Gus o 0 
DNO 0» (9 SES 
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h E divide naturally into two sub-sets of four patterns each. In one 
rectangles were in the same group of four (one-handed) In the other 
of the filled rectangles was in each group of four (two-handed). 


sts were tested in groups of six, all members of a group being of the same 
age (20-40 or 40-60 years). The experimenter presented the patterns by holding 
cards one at a time for 5 sec. Intervals between successive presentations were 
e order of 20 sec. and were occupied by subjects recording their responses on numbered 


the beginning of an experimental session subjects passively observed while the 
enter showed the eight patterns twice in random erder and read aloud the 
assigned to them. The eight responses to be used, which were always "Bob," 
arge," "Arthur," “John,” “Dick,” “Peter,” “Harry,” and “Jim,” were then copied 
by the subjects. This was done to eliminate errors due to the use of unassigned 
which would give no information about confusions between patterns. The 
responses were assigned to the patterns at 
y ups of subjects to eliminate persistent response-confusions from the summed 


no time during the experiment was any comment passed which might indicate a 


e scheme of classification for the patterns. 
. 


E ects were 58 postmen. Twenty-nine were aged 20-40 years (mean 27:4) and 29 
e aged 40-60 years (mean 47:1). 
RESULTS 


of learning of correct identifications. Error scores for each successive block of 
s were obtained for each group (see Table I) and compared by à Mann-Whitney 
t. No significant differences were found. The groups can thus be equated for rate 
irning, providing a criterion of comparability directly related to this task. 


TABLE I 


ERROR SCORES FOR SUCCESSIVE BLOCKS OF 26 PRESENTATIONS 


1st Quarter 


461 


group of subjects were 


s , ^ 
d tested by x? to examine the hypothesis 
e Table II) an y Ed ds) amd i 


of freedom showing that errors were not made at 


rs made by each individual subject, and the 


the age groups were compared by a Mann- 
Lr d. 3 two-tailed), showing that 


Ct category errors’’ or age pests e 
n a wrong response may be that appropria ; 

i Eo em or to de of the set of two-handed patterns (incorrect category 
rong responses to two-handed patterns can 
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Two groups of subjects aged 20-40 and 40-60 years learnt identifying response t 

a set of eight patterns. The groups did not differ in rate of learning, but an analysis d 

confusions between" patterns revealed systematic differences in the extent to which mis 

underlying the construction of patterns were used in recognizing them as members d 
, Sub-sets before identifying responses were mastered. 


INTRODUCTION 


It has been clear for some time that the simple association of a “stimulus” anda 
"response" is an inadequate description of the processes of adaptive selection whid 
Bartlett (1932) has shown to be characteristic of human memory. A comparison betwės 
the rules of this selection and computer codes is a fashionable analogy (Cldfield, 1954 
which has yielded interesting experiments (Ross, 1961). i 
. Attneave (1955; 1957) and Fitts e£ al. (1956) have shown that subjects learning t 
identify patterns code the data they perceive so as to select cues which are discriminative 
for a set of patterns with which they are concerned, and to ignore cues which are misleading 
or tedundant. , 

i For any given ensemble of patterns there may be a single optinial set of cues havint 
minimum redundancy, or a number of such sets representing equally efficient y 
of classification. Sets of patterns may be constructed so as to offer hierarchical systemi 
of classification, so that two cues may have to be considered in identifying a pattern? 
first identifying a sub-set of which the pattern is a member, and the second identifyitt 
the pattern within this sub-set. A subject optimizing his coding system by e 
such conditional cues may be said to be mastering the rules of classification of the set 
The subje Since relevant cues cannot be recognized, nor irrelevant cues ignored W 

= m ject has some knowledge of the set of patterns as a whole, the progress of a 
of the rules of classification will be reflected in confusions made between patterns ™ 
they are identified completely. 3 
uir am or cundi by Rabbitt (1961) showed that older subjects are less an 
mb g ei jects when required to respond to categories of stimuli. Further, 
zx j "eias ound to be less able to ignore irrelevant information in perceptual TES 

eneralized 8 experiment was undertaken to discover whether these results CO 
g zed for coding processes in pattern identification. 


Eight MATERIAL 

dina ds ge used. Each consisted of two groups of four adjacent rectang 

and tha fae n ink on white pasteboard cards. Each rectangle measured 13 10- x tas 

were inked en) of rectangles were 2 in. apart. In each pattern two of these reck 
n and the remaining six left unfilled. The patterns are shown symbol | 


below. X represents a filled rectangle and O an unfilled one. 


One handed patterns 


2 9 2009 0 x © comps 
s. Oo OOO R OM O xX 
ee ae) Uo 6 o 
4 Qux Ox ORO 6 0 


5 QEON TO x 
00 O 
oh de OO. X (- SO SNO) 
3 089.9 .0 STk 0 O 
OF XO DRO X O 
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The eight patterns divide naturally into two sub-sets of four patterns each. In one 
sub-set both filled rectangles were in the same group of four (one-handed). In the other 


sub-set one of the filled rectangles was in each group of four (two-handed). 


Procedure 

Subjects were tested in groups of six, all members of a group being of the same 
age-range (20-40 or 40-60 years). The experimenter presented the patterns by holding 
up the cards one at a time for 5 sec. Intervals between successive presentations were 
of the order of 20 sec. and were occupied by subjects recording their responses on numbered 

tocols. 

At the beginning of an experimental session subjects passively observed while the 
experimenter showed the eight patterns twice in random erder and read aloud the 
(esponses assigned to them. The eight responses to be used, which were always “Bob,” 
"George," "Arthur," "John," “Dick,” “Peter,” “Harry,” and “Jim,” were then copied 
down by the subjects. This was done to eliminate errors due to the use of unassigned 
responses, which would give no information about confusions between patterns. The 
tight responses were assigned to the patterns at random, assignments being varied between 
successive groups of subjects to eliminate persistent response-confusions from the summed 
data. When subjects had listed the required responses the patterns were presented 
singly, in random order, until each had been shown 13 times. After each presentation 
subjects recorded their responses, and the experimenter then read aloud the correct 
response. 

At no time during the experiment was any comment passed which might indicate a 
possible scheme of classification for the patterns. 


Subjects 
Subjects were 58 postmen, Twenty-nine were aged 20-40 years (mean 27:4) and 29 
Were aged 40-60 years (mean 47'1). 


RESULTS 
L Rate of learning of correct identifications. Error scores for each successive block of 
26 trials were obtained for each group (see Table I) and compared by a Mann-Whitney 
Utest. No significant differences were found. The groups can thus be equated for rate 


of learning, providing a criterion of comparability directly related to this task. 


ZI 


TABLE I 
ERROR SCORES FOR SUCCESSIVE BLOCKS OF 26 PRESENTATIONS 


1st Quarter and Quarter 3rd Quarter 4th Quarter 
Parte S = eee 
ane 6 92 337 267 
Olds Mo 26 341 306 


A. Overall Errors made by each group of subjects were 
apne i E bens d “ceo Table II) and tested by x? to examine the hypothesis 
age group gave à x? of 259 and the 
owing that errors were not made at 


ividual subject, and the 


the age groups were compared by a Mann- 
zy fe cna d = o-or two-tailed), showing that 


"Corr Distributions of errors between sub-groups of patter 
ect category errors” or "incorrect category errors. 


Pattern a wr iate to a different o 
‘on, be that appropriate to 1 
Correct category xs ol the iut of two-handed patterns (incorrect category 


Es Wrong responses to two-handed patterns can be classified in the same way. 
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TABLE II 
ERROR MATRICES FOR YOUNG AND OLD GROUPS 
Group I 
Subjects aged 20-40 years 
Pattern Presented 
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I 2 3 4 5 6 7 8 
I 
2 
H 
S 3 
i. 
EJ 
$ 5 
2 6 
E i 
‘7 
8 
Group II 
Subjects aged 40-60 years 
Pattern Presented 
I 2 3 4 5 6 ti 8 
I 
2 
E 
Bs 
A 
3 5 
2 6 
[7] 
7 
8 


Numbers of patterns refer to illustration in text. 


Peri read that the distribution of errors is random between correct and 
Mni id ia a oT iro of an error occurring within the correct category 
for the ratios of Sas ps thus possible to use # tests to determine whether tie pe 
troll chance expictation egory errors to total errors obtained for each group di! 
ved Baie th: n us of t obtained for each group are given in Table M 
category errors TE RS ae E young subjects made significantly mor? e 
ree pes respect to this Wrote ahs chance, errors made by the older PU d 
was also possible to test whether the diff i sent 
D ; ; erence between these ratios repre 
significant changes in performance with age using de. der of eem Errors/T? 
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l TABLE III 


AGE AND TYPE OF ERROR 


| 

| Total errors Correct category errors / 
Group | (Max possible = 3016) total errors 
20-40 1457 (48:3 per cent.) 0:56 (t = 3:1; p < oor) 
40-50 1580 (52:4 per cent.) 0:43 (t = 0-91; p > 0°25) 


Errors obtained for each subject. A Mann-Whitney U test showed that the younger 
group made significantly more correct category errors than fhe older-group (P < oor 
two-tailed). 

C. Correct Category Errors as a function of learning. Ratios of Correct Category 
Errors/Total Errors were obtained for each of four successive blocks of 26 trials comprising 
the 104 presentations given to each subject. These data are shown in Figure 1 below. 


| FIGURE 1 
| —— 20 - 40 year olds 


— — —40-60 year olds 


0:50 


| 
hance \ » 
^ 
\ 354 
NS" 
r 
Mens = gue noii mea ed 
Successive blocks of 26 presentations 
The incidence of correct category errors for successive quarters of the total number 


Ratio of correct category to total errors 
\ 
- 


© Presentations was tested against chance as described above. 
a made more correct category confusions than would be expected by chance te all 
ex) d Stages (b <o-o1), The ratios obtained for older subjects did not differ from chance 
Si Ec uon for any quarter. Further, ratios obtained for the young epe pe 
Tad greater than those obtained for the old subjects (p < oor Mann- ey 
m ved) for all except the first quarter. : 
With Percentage of duce mee confusions made by the younger gan deme 
bt, Practise. Ratios obtained for the last 52 trials are significantly greater tha: is 
aned for the first 52 trials (p < 0-01 Wilcoxon two-tailed). This is not true o i : 
CT group, who make fewer of these confusions later in practise than during the firs 


Présentations (b < 0-05 Wilcoxon two-tailed). 


old 
5 
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DISCUSSION 


Older subjects are found to be more random in their errors than younger subjects 
(Results: 2A), and not to use a particular system of classification employed by young 
subjects (Results: 2B and C). M. 

In the context of previous work on pattern recognition (Attneave 1955; 1957; Fitts 
et al. 1956) this may be described as a situation in which subjects learn to i 
redundant cues guided by their growing knowledge of the constraints underlying the st 
of patterns as a whole. Older subjects seem either to be unable to perceive sud 
constraints, or perhaps not to use their knowledge to guide their guessing during learning 

Since the younger subjects use what would appear to be a more efficient strategy, the 

fact that the old and young groups did not differ in rate of learning requires comment. 
Recognition of the correct sub-set raises the probability of guessing right by chance from 
0:125 to 0:25, and young subjects made 14 per cent. more correct category errors than 
would be expected by chance. The utility of this in terms of an increase in correct 
vesponses is consequently very small in the present situation, but may be expected to 
rise sharply with the number of patterns to be learnt, and the number of sub-sets into 
which they may be grouped. It may be expected that discrepancies in efficiency between 
young and old subjects would become more obvious under these conditions. Tht 
further investigation of this effect requires an experimental design in which young and oli 
subjects both learn two groups of patterns, one ‘‘codable’’ on a simple scheme, and ont 
not. It might then be predicted that older subjects would learn both groups of patterns 
equally Well, while young subjects would learn the ''codable" group more readily than 
the "non-codable" group. 
.. This study was undertaken to test the hypothesis that coding processes in pattem 
identification deteriorate with age. The results suggest that this is so, and that pattern 
identification is more an “all or none" process for old people than for young. This finding 
may be related to a study by Wimer (1959) who found that old subjects show more 
incidental learning of aspects of stimuli irrelevant to a paired associate learning task that 
young people. Rabbitt (1961) has also shown that older subjects are less able to ignore 
irrelevant information in complex displays than their juniors. 

The failure of selection and coding processes implied by these results may also Ld 
related to what is known about the difficulties encountered in training old people i 
industrial situations. It has been shown by Belbin (1958) that old people are difficult 
to instruct in the performance of complex tasks, and profit less than young people from 
demonstrations. Such demonstrations, and verbal analysis of the task by instructio 
may be regarded as attempts to impose a conceptual structure on the situation whicliwil 
guide the trainee in discriminating critical cues and operations from incidental ont 
rpm afar inthe edt eg aa ch mn one 
: d ing" o. i ion, and cons u 
in the ability to ignore confusing Ke EN T 
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CROSSMAN’S CONFUSION-FUNCTION AND 
MULTI-CHOICE DISCRIMINATION 


BY 


I, M. HUGHES* 
From the Clothing and Equipment Physiological Research Establishment, Farnborough 


In a recent paper Laming (1962) discusses afresh the relation between multi-choice 
reaction times and both the difficulty of discrimination and, the entropy of the choice 
Situation, a topic first discussed by Crossman (1953, 1955). To quote*Caming, Crossman 
(1955) "examined the reaction time for several different levels of discriminability, and 
found the reaction times approximately linear with C(S,, S,) = r/(log x, — log x,) which 
he called a "confusion-function." When this confusion-function was generalized to 
more than two choices, it seemed to give a complete explanation of reaction times, 
regardless of the increase in entropy." 

However, Laming shows some doubt about Crossman’s generalization of the 
"confusion-function," and for that reason restricted his experimental situation to the 
two choice situation. A little consideration shows that his doubt is well-founded. 


Sge es... S EPEA S- Sn may occur; let them occur independently in the sequence with 
equal frequencies; further let each be recognizable only by its measure in a single dipen- 
sion, the values being x,, X,...... Xp Xn. We wish to measure the confusion for 


We should like to know the programme of comparisons between x, and the x; that 
leads to the identification of Q as one of the Sı. We can say that for any postulated 
Programme, such as Crossman's, to be satisfactory, it must meet the following requirements. 
(1) At any stage in the programme the x, chosen for comparison should not in general 
show any bias for or against the correct value of xq, except as a result of information 
obtained from earlier stages; in particular, there should be no such bias on the first stage, 
In the absence of pre-presentation information. (Although it must be admitted that when 
the.writer was a subject in an auditory experiment run by Dr. Crossman and Mr. KR. L. 
Gregory in 1954, he responded disconcertingly often with the word that was about to be 
Presented when he could not hear the word that had been.) 
(2) If the programme is incomplete it should tell us most about the stages that make 
* largest contributions to the final response probabilities. In other words, if, say, 
Stage A of the programme results in a tentative identification which is checked, but very 
ES aang during stage B, then we should want to know more about the comparisons 
"ved in stage A than about those in stage B. € Hen 
RY The TE should be just as iab to wrong identifications as to correct 


einst each other from the programme, then they should agree at least roughly with 


ither requirement (1) or (2) and either (3) or (4). GARA 
€ writes, “ : i i ject’s brain to perform is this. When 
E o The operation wenn REM Meg: which wal in most cases be the 


Ve been positively identified as Si. Since the time taken in each comparison is 
ttional to Ci; the time to identify Sı will be" 


tı = A È Cu = A CÓ ER A j): 
=1 


*Now at the Department of Building, Manchester College of Science and Technology. 
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Consider first requirement (3), that the programme should be equally applicable te 
errors. The expression for t; is made up of terms like 1/[log xx — log xi), k # i, when 
is tentatively and correctly identified as Sj. However if Q were tentatively and incorrectly 
identified as Sx, then the time to make the incorrect response Q = Sx apparently include 
the term r/[log x: — log x4] = 1/[log x; — log xi] = ©. One might not always le 
correct but one would never make a mistake! 

It may be that when Crossman writes of the signal or its copy—a term he uses nowhere 
else, and does not define—he means that one should substitute for x, not the correct 
value x; but the incorrect value, xy. In that case, the third requirement is not 
violated—but the fourth one is, for according to the formula the subject will always take 
the same time to respond “Sx,” whether the response is right or wrong, and if wrong, m 
matter what the correct answer is. Thus, consider the set of signal values (3, 7, 8, 9} 
If 3 is presented dnd the subject says “7,” then response time, t œ C(7) = 8-76, but ifj 
is presented and subject says “9,” then t cc C(9) = 9:27. On the other hand if either 
7 or 9 is presented and the subject says “3,” then t œ C(3) = 2-16. 


Not only is the distribution of response times against errors unlikely but so also i 
the distribution of errors against signals, as far as one can gather, for Crossman appeals 
to envisage the two-choice confusion-function as measuring the increase in respons 
time against increase in difficulty with constant error rates. He writes for example 
“The most satisfactory way of handling [errors] seemed to be to attempt experimentally 
to keep them constant on the average for all subjects"; again in the passage just quoted 
he writes, “the answer ‘different’ is obtained for each [comparison]” without mention ot 
the possibility or the consequences of varying degrees of difference; and when he is testing 
the hypothesis that the brain is performing a statistical operation he makes no allowane, 
by changing the criterion or "confidence level," for differences in error rates. (It must 
be said that on these terms the rejection of the statistical hypothesis is hardly justified 
since the points for all four subjects for the most difficult condition have been mis-plottel 
in Figure 4, and if they are plotted correctly the fit is not too unsatisfactory. Mis-plottings 
indeed occur throughout the paper: the abscissa for the easiest condition in Figure 3 
the highest point in Figure 5; the regression lines in Figures 6 and 7; the abscissa for 
C(4, 12) in Figure 7; and all the points for subjects C and D in Figures 2, 3, 4 and 6) 

If error rates are to be constant in the two-choice case, then this would seem to imply 
that a presented signal is equally likely to be mistaken for any other in the set, e£ a 
the set already considered, (3, 7, 8, 9}, ifa 9 is presented and the subject makes a mis 
Ee he is as likely to say "3" as he is to say''8." Ifthe error-rates are not to be constant, 
with difücutt reasonably ask for at least a hint as to how (and why) they should vay 


Now consider requirement (1)—that initially favour the 
Correct answer—and zcv the programme should not initially 


Rm 2)—that the sta, ibuti ost to the respon 
probabilities should receive the der explicit E ron meant what : 
n hie unknown signal to be taken seriously, that when it arrives tt 
a Y i ue as one, Sı, which will in most cases be the correct one,” kee, by 
va fair cl signals iter E identification takes, whether the time is influenced ™ 
words we re-open the whole q 
programme has failed to meet ri 


All is not yet lost, for we can s; ioe i 
: ; ave the confusion-function i two-chor 
a Ec a Suppose the two comparisons, xq with x bd E ipn to take P^" 
is Spear y ae before, suppose Q — Se) Then, after a time, t «1/{l08 ee 
Subject will have the answer “different” for the first comparison, and B 
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knowledge that Q = S; is sufficient to tell him that Q = S,, the infinite comparison can 
be terminated. 

A programme like this of simultaneous comparisons could quite feasibly be applied 
to the multi-choice case, and it would preserve the argument of Crossman’s programme 
that identification is achieved by rejecting all except one of the possibilities; but in order 
to relate multi-choice times to values of the two-choice confusion-function we should have 
to have a number of fresh assumptions about the effects of the size of set, etc. In other 
words, this programme would result in quite a different generalization from that proposed 
by Crossman. 

Yet another approach is possible. Suppose that x4 is compared, not with the two 
signal values in the two-choice set, but with some average of them—for convenience, 
the geometric mean—then perhaps the time for a compdrison* wil be related to 
1/[log (x, xy)! — log xq] = 1/4[log x, — log x4] = 2C(S,, S,). 

Now this approach will generalize to the multi-choice case. Suppose xX; > X4 >... .« 
> Xs, and that x, is compared successively with the geometric means of adjacent signal 
values. The general term will be C’ (k, k + 1; i) = 1/{log(xx xx+,)# — log xi] when 
Q = S, and the confusion for the itt signal will be given by 


n-1 
C^ = ZC' (E, ks; i) 
k=1 > 


E we saw, C’ = 2C for the two-choice case. epi pa Talc eas sop is (eg 
slightly less than 2C, since 1/[log (xx X41)! — log xi] = 1 og xx — log xi) + 
flog xx,, — log x:)] < 2C(k, i) Aero i unless i — k-1 ori-— k. Thus C 
(4, 5, 6, 8, 10) is about 13:2, whereas 2C (4, 5, 6, 8, 10) is 15:8. We should therefore 
Expect to see multi-choice times lying below the regression line for two-choice times when 
plotted against C. There is little or no sign of this in Crossman's results, suggesting that 

new derivation does not fit the facts. And in any case, even this limited corres- 
Pondence between old and new depends upon an implausibility, that the subject compares 
X, with all the means. Yet once he knows that xq < (Xx Xx)! and > (Xx Xx+1)!, he 
tan identify Q as Sy, and there is no point in making further comparisons. If the subject 
E Rs comparisons according to the optim, ene EARS 

mber of c i i identification (if none o 

h omparisons required to make an id If the subject 5 saith 


the smallest standard, say, and works steadily up, then the average number of comparisons 


Number requi i h nse-time will not be proportional 
quired will be roughly $n. And although respons tiov ci co tine woe 


are tparisons that could precede the crucial two, an 
"guable—as we shall do in another paper—that the whole approach 


e 3 
Comparisons are made. 


i i Iti- 
~Tossman writes, “We tentatively conclude that the confusion-function fits mu 
foice tasks of up to five Mme of a one-dimensional signal" He ie ses 
E for six subjects in a table, and for one of them in a graph in oem T x mx 

Ject the fit is a good one. When one plots the results for the other five subjects, the 


Roe euch less satisfactory; not everyone would conclude—even tentatively—that the 
ization was justified. 
1 Plotting two-choice data (e.g. Fig. 6) Crossman subtracts Sabah i m 
Choi S-time to give a choice-time, although he does not need to. In plotti g a 
“ce results he does not subtract movement-times, although it is at least possible tha 
Ja Varies with the number of choices. 3 
CM i ies between values o 
?t deri à number of discrepancies 
“ved from Table IV and those given in Table V. 


f the confusion-function given 


, 
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These are shown in the table below: 


C(4,5)* C(3.4.5) | C(3,4,5,6) | C(3,4,5,6,7) 
From Table IV 313 4:60 | 6:71 | 8 
From Table V 3:08 4°85 6-90 | 8:95 


* Correct value = 3:11 


It is quite possible that the confusion-function does give a rough indication of the 
difficulty of a sitoation, of the kind that could be useful to the human engineer, but s 
would any number of functions, many of them easier to calculate. For instance, if we 
* n-1 n 
assume X, > X, >X3 >...... > Xn, then 2 5 '! — would probably prove jus 


kal Xk — Xk+ 
as useful; and even the sum of the signal values divided by their range might be sufficiest 


% 4 
for most purposes. Both these formulae reduce in the two-choice case to "ig x which 
1 


x 
(Welford, 1960) closely approximates the confusion-function. " 
When discussing the relation of the multi-choice results to Information Theory findings 
an says, "In theory discriminability (or confusion) and information contest 
should be inter-related at least for signals in one dimension when an upper limit is st 
to signal size." But if discriminability is based on the ratios of signal magnitudes 
not on their absolute values, then this statement is, if not incorrect, certainly incomplete. 


A would be true only if there were also a lower limit, greater than nothing, set to si 
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REPLY TO DR. I. M. HUGHES 


BY 


E. R. F. W. CROSSMAN 
From the Institute of Experimental Psychology, Oxford 


Hughes’ closely-reasoned letter has raised too many points for me to discuss in a 
short note, so 1 will consider only the status of my confusion-function and whether 
comparisons are simultaneous or successive in multi-choice discrimination. My views 
on the latter point changed substantially not long after writing the’ 1655 paper, both for 
the reasons that Hughes has now stated so cogently, and also on considering fresh evidence, 
so I shall only be able to answer Hughes’ criticism of my earlier position obliquely by 
Stating my present one. \ 

First, though, Hughes has found a number of discrepancies between my tabulated 
results and the graphs derived from them. On rechecking I agree that—(a) In Figure 4 
the four points for the 10/12 condition are about 5 mm. too low, (b) In Figure 3 the four 
points for the 1/10 condition are about 4 mm. too far to the right. (c) In Figure 5 the 
highest point is almost 1 mm. too near the axis. (d) In Figures 6 and 7 the regression lines 
should be slightly steeper. (e) In Figure 7 the points for the 4/12 conditionare about 
2mm. too near the axis. However, (f) the points for subjects C and D in Figures 3, 
4and 6 are otherwise correctly plotted. They were obtained by subtracting the overall 
mean movement-time (0:553 sec.), not the individual ones (0°551, 0:554, 0'535, and 
9568 sec.) from the mean response-times, which may have misled Hughes. f can 
only apologize for errors (a) to (e), caused by my unskilful drafting; of these, however, 
(0), (c) and (d) do not affect my argument; (e) goes slightly against it, and only (a) is 
potentially misleading. Here, however, my rejection of the hypothesis in question was 
based on the other end of the curve, which is unaffected by the correction. I agree that 
the hypothesis cannot confidently be rejected because of Figure 4 alone, but Figure 6 
Was definitely more promising and, as Hammerton (1959) and Laming (1962) have since 
pointed out, Equation (4) is only one of several possible outcomes of a statistical theory. 

The discrepant values for C(4,5), etc., in Table V were derived from an early version 
of Table IV drawn up with a slide-rule; on recalculating it for publication (working to 
thse decimal places and rounding off to two) I should also have corrected the entries in 
Table V, and I am grateful to Hughes for drawing attention to my oversight. Here 
‘gain the errors, though inexcusable, do not affect the conclusions drawn from Table V, 
Such as they are. "net A 

Turning now to theoretical issues, my paper dealt with two distinct questions: 


tr) What is the law relating choice-time to signal values in a two-choice one- 
dimensional discrimination ? : ONE RA 
(2) Can such a law be generalized to multi-choice one-dimensional discrimination ? 


The further question (3) Can it also be generalized to multi-dimensional discrimination ? 


the also in my mind and conditioned the conclusions but I did not raise it explicitly in 
Paper, 


Combination 
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a like situation with successive presentation a difference of 1-32 per cent. would be wel 
below threshold and the choice-time would thus be effectively infinite. 

Hughes also objects that my hypothesis does not predict the frequency or type ol 
errors. But it was never meant to. Although, paradoxically, with card-sorting subjects 
must be permitted to make errors if they are to work at top speed, by slowing dows 
slightly they could in principle perform perfectly, and my hypothesis was framed for the 
latter case. Certainly a complete (but necessarily more complex) theory would deal with 
errors (see e.g. Stone, 1960; Laming, 1962) and my result would then represent the 
limiting case as error tended to zero. 
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Mean nearest-neighbour confusion 


Re ition-ti mos 4 " 
TN Table V). time and confusion in multi-choice sorting tasks (data from Crossmāt, 


Each point is the mean of thr i i nd 
ee trials b j i nt-time 8 
calculated response selection-time EUR. vA y one subject with moveme 


i 3 d. The ordinate is the mean value 0 
ee: cit., Table IV) between each signal in a set and its nearest neighbo!" 
ice results are shown as a regression-line (t = o-11C — 0:09 sec.). 


, and I was uneasily aware th: initial i i roduce 
non: : 3 at a wrong initial identification P B 
er SUGAR effect I was supposing that the time was T pem in a secondary m 
ies alae oe the alternative simultaneous Conn 

ah at it did not predict increased times 1O 
ek ph Koen ed (Table V). On later Sinsderaton though, it has com» 
differences in di y that all of the increase could in any case be accounted for y 
subtracting the e ner alone, as was proposed. In Table V, for instance i 
tasks of very lo uc from the next to last we obtain the choice-times for two“ MT 
according io the viewer ee (b tc); they do not approach zero, as they E 
corresponding to information sata o Paper. They lie between 155 and 261 m ment 


5] en 
with Hick's (1952) on Tates between 3-8 and 6:5 bits/sec., in rough agree 


and Crossman's (1953) results. Thi eese that Hick’s law 
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logarithmic dependence of choice-time on number of alternatives) applies essentially to 
low-confusion tasks, and hence one may infer that the choice-time is spent in selecting 
the response rather than in recognizing the signal. Now as recognition of signal must 
precede selection of response, the extra recognition-time needed in high-confusion tasks 
must be added to the response selection-time given by Hick's law. To obtain true 
recognition-times experimentally, then, one should subtract the time taken for a control 
task with the same number of alternatives but very low confusion, from that for the 
experimental task. 

My experiment IV included no such control tasks, but one can extrapolate from the 
two-choice times using Hick's law and thus correct the choice-times given in Table V. 
The outcome is shown in Figure r, where it can be seen that time still increases with 
confusion. These data do not warrant more precise analysis, but the even distribution 
of points for different numbers of alternatives now seems to fava: a simultaneous- 
comparison model. Much more information could be obtained by recording choice-times 
for individual responses in one-dimensional multi-choice tasks and studying thejr 
variation under changes of ensemble. 

Further support for a simultaneous-comparison model can be found in the results 
of experiments such as those of Davis, Moray and Treisman (1961) where choice-time 
was little affected by size of ensemble. Since the same signals—spoken digits and letters— 
can be used in other tasks showing large variations of choice-time, the latter cannot be 
ascribed to.the recognition process itself which is presumably the same in both cases. 
Also Broadbent and Gregory (1962) found very small differences between choice-tasks 
where the same response was given to one or to two different signals, and Fraisse and 
Blancheteau (1962) have found only 2-5 millisec. difference in visual duration-threshold 
between 2 and 15 printed nonsense-syllables, corresponding to an information-rate well 
over 1,000 bits per sec. Thus recognition-time seems to be little affected by sie of 
ensemble. The successive-comparison model would predict a large effect, so these 
experiments tell against it. " 4 

In short, then, I accept Hughes' strictures on my successive-comparison model, 
and I withdraw my tentative conclusion that Hick's law can be explained without reference 
to information theory. Instead I wish to draw a clear distinction between time for 
discrimination (or recognition), and time for selection of response, the former being some 
function of the signal set, and the latter proportional to response entropy. We need more 
empirical data before carrying the theory further, and I hope Hughes will report his 
results without delay. 
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APPARATUS , 


AN APPARATUS FOR PRESENTING CONTINUOUSLY 
VARYING BINOCULARLY DISPARATE VIEWS OF AN 
APPARENTLY SINGLE OBJECT 


BY 


WILLIAM GROMAN 
y, From Department of Psychology, Duke University 


The perceptual effects of viewing continuously varying binocularly disparate views 
of a stimulus object under conditions in which convergence and accommodation are kept 
relatively constant and normal with respect to the target object have not been investigated. 

Information regarding the effects of such stimulation should have relevance for 
problems of form and pattern perception, object constancy, and the perception of depth. 

The apparatus to be described makes it possible to produce the stimulus conditions 
necessary for the study of this class of effects. 

Apparatus 

The apparatus consists of two major parts: the prism stereoscope through which at 
observer looks, and the stimulus carrier, consisting of two rotating circular discs, 9 
coupled that they may be rotated simultaneously in opposite (or the same) direction|). 


(Such a stereoscope presents the right image to the left eye and left image to the right 
eye. However, since the stimulus objects are identical pseudoscopic effects do not occult.) 


FIGURE 1 
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The prism spectroscope. 
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On each disc one of two identical objects, the stimulus objects, may be so placed that the 
image of each is presented only to one eye. The rest of the apparatus serves the purposes 
of controlling speed of rotation, size of the field of view, and the nature of the background 
against which the stimulus objects are seen. ` 

As shown in Figure 1, the prism. stereoscope consists of two 45° optical glass prisms, 
base, 2} in., height, 14 in., mounted so that the distance between them may be varied to 
be optimal for a given interpupillary distance. Each prism carrier C, shifts to left or 
right in its slot S independently, and is locked by the thumbscrew T for this adjustment. 
Thus each prism is individually adjustable for distance from centre of bridge of the 
observer's nose. Settings are read on the straight scale, r, by means of inscribed 
indicator, a. 

In addition, each prism may be iridependently rotated arqund the centre of its base, 
by means of the worm gear shaft, Ws, so that the lateral overlap of «ne visual field, for 
each eye may be adjusted for satisfactory stereopsy with regard to any visual idiosyncrasy 
of the observer. Appropriate scales and indicators, as shown, are mounted in order to 
record settings. 


FIGURE 2 


The stimulus carrier. 


Figure 2 shows the mounting and arrangement for rotation of the two discs, at the 
lop centre of each of which the two identical stimulus objects are mounted. The discs 
are 9 in. in diameter and are mounted with } in. between circumferences. A variable 
Speed motor coupled to F, the shaft of the worm gear, rotates the shafts, S, in opposite 
directions when the rubber belt, R, is fitted with a one-half twist on pulleys, Pu. Speeds 
sf rotation can vary from 20 per min. to one in two min. This wide range was chosen to 
Make possible a wider exploration of conditions. On the underside of each disc a circular 


Adjustment) only the i i biect and some portion of the discs 
apparently single stimulus object a: 
PS background. A A Docs E permits different backgrounds to be used. | 

horizontally above the discs, and consists 
and lighting the fronts of the two 


of two 18 
nds vertically to a height concealing 


identical S 


£ light source from the observer. 


follow vant distance measurements used in assembling the instrument as constructed 


(1) The vertical centre of the prisms are 17} in. above the table top. 
(2) The tops of the discs are 15$ in. above the table top. 


» 
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(3) Distance from centre of prism bases to centre of discs is 17 in. (The stimulus 
appears to the observer to be approximately 18 in. from his eyes. Convergence 
and accommodation can be comfortably maintained, therefore, for relatively 
long periods of time, e.g. 1 hr.) 

(4) Mounted on a 31 in. high table top, this results in a convenient height for seated 
observation. 


FIGURE 3 


The assembled apparatus. 
Discussion 


The apparatus is quite versatile. It affords the opportunity of studying 4 nume | 
of phenomena during motion as well as at rest, utilizing the same stimulus material. 
TI of stimulus objects which may be used is practically unlimited. "T 
or encouragement and assistance in preparing this note, thanks are extended 
Dr. K. E. Zener, Duke University, and to Mr. R. L. Gregory, Cambridge Univers!” 


2. 
Manuscript received 237d October, 19° 


BOOK REVIEWS 187 


BOOK REVIEWS 


Aggression: a Soc ial Psychological Analysis. By Leonard Berkowitz. London: McGraw- 
Hill Book Co. Inc. 1962. Pp. xv + 361. 62s. 

This book is an attempt to draw together diverse studies of aggression into a single 
theoretical system. To this end the author synthesizes a wide range of material on man 
and animals, and invokes the techniques of experimental psychology, personality theory, 
social psychology and other disciplines. Although the problems considered range from 
child-rearing practices to international warfare, the diverse material is successfully 
synthesized around an analysis of the aggressive behaviour shown by individual human 
beings in a social setting. - 

Unfortunately, the book gets off to a sticky start. The first chanter is devoted to 
an evaluation of instinct theories of aggression, meaning effectively Fréud and McDougall. 
Whether the conclusions are right or wrong, the argument is marred at many points by 
anon sequitur. For instance, the author holds that male sex hormone “does not provide 
any direct stimulation to hostility’? because “learning experiences can override the effects 
of the androgen.” Again, he quotes two studies showing that experience can influence 
the aggressive responses of cats to rats and of ants to other individuals and concludes 
that they "strongly suggest that animals are not predetermined to aggress against 
particular objects by their genetic make-up." Also, having justly criticized Freud's use 
of teleological explanations, he repeats the same error, confusing consequence with cause, 
in discussing fighting for rank in a dominance hierarchy and “non-competitive” fighting 
in mice. 

The author then sets out his theoretical framework—a modification of the Dollard, 
Doob, N. E. Miller, Mowrer and Sears 1939 frustration /aggression hypothesis. Aggression 
is the consequence of frustration of “instigated response sequences" or "drives." (These 
two terms are said to be synonymous, implying “an ongoing activity.) To make this 
hypothesis as comprehensive as possible he is obliged to stretch the concept of frustration 
until it becomes almost valueless: thus he follows McDougall in ascribing the aggressive 
retaliation of a man who has been struck to a frustration of ‘his impulse of self assertion.” 
Further, although poking fun at instinct theorists for the number of urges that have been 
“lled instinctive (Apparently, every time many of these writers felt an urge to explain 
some behaviour they would invoke an 'instinct'"), the author apparently has no 
Teservations about postulating a new drive to be frustrated every time aggression must be 
explained. Drives “for harmonious and pleasant relationships,” “for self-preservation, 

for _Self-esteem,’’ “to do well,” “for self-enhancement," even by implication ‘‘for 
religious certainty” are provided ad lib. : MO vs s am 

There are two main amendments to the Dollard thesis. First the instigation to 
aggression” produced by frustration is identified as anger, which is supposedly definable 

Y physiological indices. Anger heightens the probability of aggression, though its 

al occurrence may depend on the presence of suitable cues, past experience and so 
om. Second, one way in which past experience influences the outcome of frustration is 
through the individual's interpretation of the situation. “Expectancy” is introduced 
ere, though in an everyday sense and without rigid definition. Here is a brave attempt 

Matry different approaches to the study of behaviour, and even different levels of 
analysis: one’s confidence would be increased if one could be sure that the difficulties had 


but without the rigour used by N. E. Miller in his attempts to “liberalize” S-R concepts. 
"t when he is dealing with the everyday world, or trying to 


formula are no > idiscipli ch underlined. 
ted and the importance of a multidisciplinary approa 

rg, result is a duc) moder to some of today's most Xd a E 

host aggressive personalities, child rearing, crime. His ametis oe of the 

tole ity catharsis explodes many misconceptions, aud iisymcasute Ce. to be hoped 

th an Violence on mass media should be read by television promoters. It is to be hope 

3 the contents of these chapters will be assimilated not only by ee Thee 
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Cumulative Record. By B. F. Skinner. London: Methuen. 1962. Pp. x + 426. 5o 


The work of B. F. Skinner is still little known in this country despite the fact tha 
The Behavior of Organisms, his major scientific contribution, was published as long as3$ 
years ago. Now, however, both its theoretical interest, and its wide range of applicate 
in such diverse fields as education, pharmacology, sociology, psychotherapy, and indesd 
in every branch of the behavioural sciences, is bringing it to the attention of psychologists 
There is no better way to become acquainted with it than through this book. 

The Skinnerians’ own behaviour is partly responsible for the resistance shown to thet 
work. They make no attempt to relate their work to that of their more conventional 
colleagues, they publish for the most part in their own journal (Journal of the Experimental 
Analysis of Behavior) in a terminology which abounds with technicalities, and many dl 
them display an.arrogant impatience with views outside their frame of reference. The 
major heresies of the movement are the use of hypothetical models, the practice of 
statistically analysing data from large groups of subjects, and the retention of outmoded 
fon-automatic apparatis such as the jumping-stand, the activity wheel and the maze 

On the other hand/ the main articles of faith are simply that behaviour is an orderly 
process which is best studied by the detailed observation of individual subjects, that 
suitable basic datum is frequency of response, and that a system of laws of behaviour can 
be built up by using simplified situations where variables can be isolated and where the 
organism comes fully under the control of the experimenter. 

. Cumujative Recgrd is a selection of Skinner's papers, slightly enlarged from that pub- 
lished in the United States 4 years ago and adequately reflects his three main interests. 
His first majot contribution is, of course, in the field of animal behaviour, and lj 
papers in the present collection give the reader good coverage of this area. The best of 
these is the onelentitled, The Experimental Analysis of Behavior, which describes the 
standard techniques, and gives a representative selection of achievements. Further 
papers deal with the gradual shaping of responses by successive approximation, anxiety 
as measured by the technique of conditioned suppression, superstitious behaviour, and 
the interesting war-time attempt to use pigeons to guide missiles. p 
The most controversial paper in this section is that called, Ave Theories of Learnn 
Necessary? which has often been interpreted as an argument against all type al 
theorizing. Here Skinner is rather confusing since he uses the term /heory ina particulatl 
restrictive sense to mean only those theories which attempt to explain the data in tert 
s events at some other level of observation. Thus he would include the kinetic theory 
e a and the synaptic theory of reflex action, but not Kepler’s theory of ellipti 
orbits or Newton's Laws, since the latter, although transcending particular facts, 27 b 
"di ian a generalization of relations between observable variables. That he ist 
Trends of this second type of theorizing is made quite clear in a later paper on Curr 
vends in Experimental Psychology, which is a more sophisticated version of the same 

argument. Logically he is on shak: d here si has prov 
its worthiin Physics time and ti y ground here since the first type of theory 1 olog? 
Bates Serka Sa het una again, and will no doubt eventually do so 1n Psyc end it 
Certaintivscioct ut chi priorities at this stage of the science it has much to recommen it 
deal of aig d ,the current theories have a phlogiston smell about them, and à pe 

rale ENA stimulated by theory is irrelevant not because the theory has been P^ 
g but simply because it has gone out of fashion. 


The pode : j imental 
amma puse albe aei. conditioning in controlling the behaviour of experi». 


: ally to its application in hi i inner's other two Mal 
interests lie i R uman affairs and Skinner's other 
social ai in the technology of education, and the control of human behaviour toward 


à t e 
His system of programmed instruction is a direct application of principles from t 


animal laboratory. The materi à i ro 
in such a form ‘that the Sones M ep into small steps ane h he 5 


> : : must compose an appropriate response for whic 
REN pea ees In general it is found that fie EGwisdge that he has been endent 
as tree ne Pies ten Pb is so carefully graded, each step being ES that 
5 » that subjects should make few if any errors. Skinner bee? pi 
Mie Ri DECR ls necessary to get optimal rehults and has designe tolog 
SE pa o En However he himself has published a programme for psyor iS 
SE ERE eae hs s use of the term machine with its computer Dc hod c 
aan Ap es al element in the system is the programme not the mg the 


programmer, but it sho ess of the method depends very much on the SKI cts 
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If the behaviour of animals can be changed, why cannot men be taught to be happy, 
skilful, well behaved, and productive? Skinner feels that the difficulties here are 
political rather than scientific. But philosophical issues are also raised, particularly 
regarding the concept of freedom. Effective control will be by positive reinforcement 
rather than by the present punitive methods, and men will be free to do what they wish, 
with their wishes rather than their freedom controlled. To those who shrink from these 
implications Skinner retorts that we are already controlled by the world in which we live, 
and that the choice is whether we will be “ . . . controlled by accident, tyrants, or by 
ourselves in effective cultural design.’’ As with most utopia builders over-simplifications 
abound, but in a nuclear age, cultural engineering is surely a matter of urgency which few 
psychologists show signs of appreciating. 

The rest of the book is disappointing. The application, of operant techniques to 
psychiatric problems shows signs of promise but as yet little achievement. It is not 
ty to transfer from the laboratory to real life situations, where social reinforcers 
dominate, but one feels that basic problems will not be solved by making psychoties 
press levers. 

A few theoretical papers on such topics as the distinction between respondent and 
operant conditioning will be familiar to many and probably of interest only to new-comers 
to the field, and a section on literary and verbal behaviour has hardly enough substance 
to warrant inclusion. Indeed the book would have been greatly improved if cut to half 
its size. Of course one doesn’t have to read it all and it is well worth discarding the 
gristle to savour the meat. J. STEINER. 


Psychology Through Experiment. Edited by G. Humphrey. London: Methuen. 1963. 
Pp. 307. 30s. M 
This book tries explicitly to kill two birds with one stone, even though the birds are 
certainly not of a feather and therefore present a difficult target. A common fate of such 
an ambitious aim is of course to miss both birds, and it is therefore a relief to find that 
although one escapes, the other is struck a firm, even if only glancing blow. What species 
of birds? They appear in the two introductions, one for humanists the other for 
Psychologists, We learn that the book attempts to give non-psychologists a grasp of 
what psychologists are doing and why, and at the same time to provide instruction in 
Psychological experiments that are suitable for classwork. The seven contributors 
Sover the following topics: sensory processes, perception, remembering, learning, motor 
Performance, thinking, and experiments with animals. — A 
The chapter on sensory processes makes three main points. First, we need a model 
of how things might work before investigating how they do work. Second, a particularly 
Tuitful model is information theory, whereby we consider the flow and handling of 
information rather than, as in classical physiology, the transfer and conduction of energy. 
rd, when we apply this model to a study of sensory processes it emerges that a number 
4 apparently quite different sensory discriminations, such as flicker, acuity, and colour 
vision, can be reduced to a common basis, namely intensity discrimination. While many 
d Ed a different kind of model for their approach to these Uie ital Agr deny 
in this chapter it is used to great advantage in quite ingenious experiments. 
he Chapters on Was and pei I think, the most lucid in the book, 
Perhaps because they restrict themselves so severely, the former to a comparison of recall 
and recognition and the effect on these of set and interpolated activity, the latter toa 
Sonsideration of the concept of association and the possible nature of the "link." Each 
contributor has space to develop his theme and illustrate it with closely-related, well 
Controlled experiments. 
€ chapters on perception, motor performance, 


inter loosely organized and less fluent. The experiments they include are individual 
e y 
u 


ough: 


he eee occurs throughout the book. 
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is the laboratory rat, and the experiments relate entirely to two theories of the behaviog 
of rats in mazes, the author of one theory being also the author of the chapter. This might 
not matter if either theory was adequately explained; but neither is, with the result that 
the experiments are often mystifying. It could well be that this author is so familiar with 
his own theory and that of his rival that, like most of us, he assumes far too much 
knowledge on the part of the novice to whom he is giving a brief resumé of his own work 

In summary, this book succeeds in describing in considerable detail experiments 
which are most appropriate for groups of students in a well equipped laboratory, If 
the students already have appreciable background knowledge or the time to follow up 
the abundant references, they will find much of interest in it. So too will instructors 
who have to design practical classes. However, without pursuing the references it will 
be difficult for S ipe to understand the experiments or why they are being done, 
for with few exceptions little is said in the book about broad theoretical issues. This 
handicaps the non-psychologist and he is the bird that gets away. A. Cowey. 


Behaviour and Awareness. Edited by C. W. Eriksen. Durham, N.C.: Duke University 
Press and London: Cambridge University Press. 1962. Pp. vi + 158. 288. 


This symposium contains interesting papers by six authors, five of whom are concerned 
to develop empirical methods for studying "awareness," whilst the sixth, Verplanck 
argues that the word is quite dispensable. Since “awareness” is a systematically 
ambiguous term, it is perhaps regrettable that several of the authors do not clearly 
indicate to which types of awareness their methods and conclusions are intended to 
apply. The discussions of learning-without-awareness often fail to specify of what aspect 
of the learning situation the individual is or is not aware. For instance, each of the five 
authors who considers learning-without-awareness (the exception being Hilgard) at som: 
point deals with learning without awareness of a response-reinforcement contingency. 
But Several of these authors discuss learning without awareness of cues or stimuli, of 
learning without awareness of any reinforcement. It is often difficult to determine what 
is intended in a particular context. 

Indeed learning without awareness of a response-reinforcement contingency tums 
out to be the central topic of this book. This finding comes as something of a disappoint: 
ment after the title has indicated a treatment of Behaviour. Both Eriksen and Kimb 
in fact note the distinction between learning and performance, but do not pursue the 
notion that individuals can "perform" without awareness. Yet, although the emphass 
is on learning, no mention is made of insight-learning, which to some appears as 
paradigm of learning without awareness. The inclusion of Hilgard’s paper on awareness 


oe in perception does, however, provide some justification for the comprehensive 


The obstacle to any experimental attack on awareness is f providing 
i PH s, of course, that of pr 
role Ge puta oe peo of the term. The contributors to this symposium agree ma 
of studies em ue reports is likely to constitute the most profitable spearhead. Res 
both Eriksen ein’ non-verbal measures of awareness (as reported, for instance j 
employ Soet Hilgard) are extremely difficult to interpret. Dulany and Speilberte 
only when i dire and both reach the conclusion that verbal conditioning d P 
ndividuals are aware of the response-reinforcement contingency (0r ho 


“correl is" iti 
Ye AR s ’) and have a positive attitude towards the reinforcement, a ulty 
attached to the ei conclusions in the recent literature. This points to a diffe ifa 


verbal measures of awareness. We can be fairly sure that the 
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im disturbed personalities. Under the “Physi ical Regulation of Growth ani 
Behaviour” there is surprisingly little on the es, when compared with the spo 
allotted to the effects of drugs on behaviour. The reviewer would also like to have wem 
more mention of attempts at "synthetic" models of the reacting organism, them 
Bindra's and Selye's work is discussed. 
The work will os most to students trying to view behaviour they 
y-minded 
y 


persons the book as a whole may appe 
u ted, but others may find this refreshing. It is possible that, i 
title as a textbook, it may have some circulation amongst experienc ed -— ea T 
for a convenient summary on complex behaviour, D. J. Murrav. 


The Assessment of Pain in Man and Animals. Edited by C. A. Keele and Robert Smith 
London. U'F.A.W. (The Universities Federation for Animal Welfare). De 
tributing agents; E. & S. Livingstone. 1963. Pp. xi + 323. 305 

This book consists of the papers given at an international symposium held under the 

of U.F.A.W. in London during 1961. Symposia are notoriously difficult t 
discuss in a reasonably short space, and this one is no exception, since there are 27 separate 
papers describing and discussing recent work in different fields. 
Lord Brain contributes the Presidential Address, and the concluding lecture & 

“Avoidance of Pain in the Laboratory” is given by that veteran warrior of U.F.AW, 

-— . Hume. The symposiasts are a number of distinguished anatomists, neum 

nobia, physiologists, and veterinary surgeons, from America, Britas 

France, Germany, Sweden and Switzerland. Each reviews recent work in his own 

field, and there are many excellent diagrams and photographs. The perip! 

centeal nervous mechanisms of pain are discussed in detail, as are the stimuli wbid 

produce cepas the modes of action of some of the drugs which reduce it. 
The is well produced. It has refreshingly little about the duller forms d 


psycho-physies or about the philosophical aspects of the mind-body problem: but 
contains a wealth of empirical information. c.c. GRINDLEY, 
A E Behaviour. By S. A. Barnett. London: Methuen. 1963. PP. xvi + 288 


e a ek invites daumion On two levels. In the first 1 itia 
convenient review i : place i 
versatili Pains behavioural work on the rat. The author moves with considerablt 
Explora Footing Bei y and psychology, and into physiology, with chapters ¢ 
the Brain and Behavi viour, Rat Societies, Fixed Patterns, Learning, Drive 
sPutidentve coverage; 1 Material is presented selectively and critically, with no attempt 
most likely to profit fron is, however, an excellent bibliography. Psychologists 8 
lives in nests and [ oan earlier chapters which will remind them that rats live privatt 
bowers ochenta E ps public lives in mazes and Skinner boxes. a " 
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* Part 3 


THE EFFECT OF STEADY FIXATION ON THE 
JUDGEMENT OF RELATIVE DEPTH 


BY » 


IAN P. HOWARD and WILLIAM B. TEMPLETON 
From the University of Durham, England 


sre asked to judge the relative depth of test edges after various conditions 
1) when the edges were equidistant; (2) when no edges were present; 
ige was 1, 2, or 4 in. in front of the other. sd 
3 produced a significant shift of the subjective equidistance point towards 
n positions. The results fit in with an explanation in terms of a Gi -type 
ll process 
is no evidence of stereoscopic fatigue or binocular image "inversion" A 
er-effect in depth, if present, is small compared to the adaptation efecte An 
Ration in terms of cyclotorsion or other eye movements seems impossible. A central” 
iii the stereoscopic disparity mechanism could account for the results, but so also 
fă monocular scale shift produced by the “anchor” effect of the inspection edges. 


Ina study of reversible perspective in three-dimensional objects (Howard, 1961), 
: hypothesized that steady fixation of objects at different relative depths would 
10a disruption of relative depth perception. A search of the literature revealed 
¥ few papers on the effect of long fixation on relative depth perception. — 
iler and Emery (1947) in their work on figural after-effects in the third dimen- 
‘of visual space were the first to mention the possible effects of steady fixation on 
depth perception. In their first experiment they presented an inspection w 
tin the frontal plane. A test object was subsequently shown in the same loca- 
furned through 25° or 45° backwards or 25° or 45° forwards. Each time, the T 
L'object appeared as if displaced from the frontal position of the L-object. In 
cond experiment they showed that after fixation of a concave I-figure, a flat 
appeared convex. Monocular viewing was said to reduce these after-effects 
y. In a third experiment they showed that T-objects always recede 
Lobjects. Thus T-objects behind the position of a preceding I-object were 
backwards and T-objects in front were pushed - i 
the T-object, it was argued, exclude the possibility that after-images cause 
bjects to appear dimmer, and to recede because of this. Up to a point, the 
the effect of the I-figure was found to increase as its distance from the 
increased. This distance paradox was said to be analogous to the one 


two-dimensional figural after-effects. A. 
er and Emery (1945) discussed the possibility that the free iemansione! 
ts may be reduceable to after-effects in two dimensions. They point 

a test figure, having a different position in depth to an I-figure, will project 
5 to each eye at least one of which must have a slightly different retinal position 
Orresponding I-figure. This should cause the T-image or images to Bc pes 
positions occupied by the I-figures and these shifts could be interprete Y 
ect as a change in the binocular disparity and hence the three-dimension: 
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position of the T-object. In outlining this argument. Köhler and Emery admitted 
its logical validity but claimed to have refuted it by an experiment. In this they | 
presented, by means of a stereoscope, the left and right eye views of the I-figure 
alternately. This was said to destroy the three-dimensional appearance of the I- 
figure; but to leave a two-dimensional pattern which would reveal any purely two 
dimensional, ordinary figural after-effect which this pattern of stimulation may have 
been producing. Köhler and Emery did not find any after-effect after this procedure 
and concluded that the occurrence of three-dimensional after-effects depends on the 
three-dimensional appearance of the pattern. 

Kóhler and Emery did not report their procedure in sufficient detail to show 
whether they were successful in eliminating the three-dimensional appearance of the 
I-figure; it is our experience that stereoscopic vision may persist down to four alterna- | 
tions a second. Even if they did eliminate it, they should still have got a two- 
dimensional after-effect on the basis of their own argument. Three subjects only 
Were used in their experiments, and there has been no independent confirmation of 
their results. 

Bergman and Gibson (1959) claimed to have demonstrated an after-effect of 
fixating a surface slanted in the third-dimension, which was not a figural after-effect. 
The stimulus was a textured surface, slanting at various angles either backwards or 
forwards. This was viewed through a tube so that no contours were visible. After 
4 min. inspection, the subject was asked to set a similar textured surface to the 
subjective vertical. They found that the subjective vertical was displaced towards 
the I-figure. They suggested that this effect could not be due to figural after-effects 
because there were no contours in the I-figure. This is not a convincing argument, 
for the textured surface must have involved a density gradient in a fine pattern and 
there is no reason why a Kóhler-type satiation process should not occur differentially | 
over such a surface, 
effect was nearly as strong when the I-figure 
s : c result to support the theory that the adapt 
tion effect is not specific to the locality of the retina stimulated. This conclusion 


ye movements was not stated. A better test a 


opic acuity was worst, 


inp p (1960) studied binocular rivalry with two stabili 
M ds e eir findings do not relate to the problem of stereoscopic act 
em concern here, but the technique is potentially useful for investiga 

e effects of constant fixation on depth discrimination 
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Künnapas (1960) investigated the psychophysical functions relating objective to 
subjective distance. He concluded his paper with the statement, “It is conceivable 
that, in analogy to adaptation to light intensity, temperature, etc., an adaptation 
of the subjective range to the stimulus range may change the exponent” (i.e. the 
exponent of the psychophysical function). Kiinnapas gave no experimental evidence 
for this statement, but it does foreshadow our own results. 


EXPERIMENT I 


Constant fixation of a three-dimensional pattern may have several effects on 
stereoscopic vision. Four possibilities are listed below. ° o 

Hypothesis A: Stereoscopic fatigue. The continued fixation of a pattern having 
depth leads to a deterioration of stereoscopic vision for that particular pattern in that 
particular locality, or a general stereoscopic fatigue of the whole field. In a task 
demanding an equality setting of distant rods, stereoscopic fatigue would cause an 
increase in the variance of the settings but no shift of the P.S.E. 

Hypothesis B: Stereoscopic inversion. After long fixation of a three-dimensional 
pattern, the central mechanism of vision confuses the inputs from the two eyes. 
This confusion of the inputs leads to an inversion of the binocular disparities, such 
as occurs in a pseudoscope. In the absence of strong cues to the contrary, things 
would appear to be inside-out. k 

Asher (private communication) has claimed that normal stereopsis may be produced 
by alternating the two stereoscopically disparate views of a scene to the same eye in 
rapid succession. This finding suggests that the C.N.S. is indifferent to the ocular 
origin of disparity information, and if true would make our hypothesis more plausible. 

Hypothesis B, if true, would lead to the same results as stereoscopic fatigue. 
Both mechanisms could be localized or general in their effects on the test stimulus, 
and in either case would lead to an increase in the region of uncertainty, that is, a 
decrease in the slope of the psychometric function. 


Hypothesis C: Normalization to equidistance. After fixating a three-dimensional 
pattern there is a shift of the norm of equidistance in depth such that the pattern 
comes to look flat. A corollary is that the relative distances of other three-dimen- 
sional patterns, occupying a similar retinal locality, will be judged in terms of the 
shifted norm of equidistance. There will be a general displacement of all relative 
distances in a direction opposite to the depth difference in the pattern originally 
Inspected. This would be an adaptation or normalization effect, analogous to Gibson's 
normalization to the vertical (Gibson and Radner, 1937). 


Hypothesis D: Three dimensional figural after-effect. This is based on Kóhler's 
theory and states that test objects behind the position of a previously inspected 
et are apparently displaced backwards, and test objects in front are displaced 
Orwards, 

The lollowing experiment goes some way towards testing these hypotheses. 


* Apparatus target patterns, an inspection pattern (I) and a test 
Pattern (7), eer ilc arranged as in Figure 1. In each pair, the 
Standard carq remained stationary while the variable could be moved so as to be in front 
of, or behind the standard card. The lateral distance between the cards was constant; 
* cards were rigid, vertical and parallel to each other. i 

€ L and T cards were positioned in p 


to a semi. i : The 
tape oting mirror placed DEA a, 9 ft. in front of the cards. Each 


which were also super- 
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An opal glass screen illuminated from the back was placed behind each pair of stimulus 
cards, which thus formed black-white vertical contours. The total appearance was that 
of a white rectangle, the left edge of which was the standard and the right ed ge the variable 

Each opal screen formed the front side of a 15 in. cubical box, on the back inner surface 
of which were mounted six, 60 watt, filament striplights. The surface illumination of the 
screen was 40 foot-candles. The two screens were matched for brightness in the following 
way; half of each was covered with black card so that the experimenter, sitting in the 
position of the subject, saw the two remaining halves side by side. Bulbs were removed 
from one of the light boxes until a match was obtained. A black screen was matched to 
the shade of black of the stimulus cards so that no contours were visible to the subject 
except the two inside edges of the stimulus cards. > 

Each variable carg*had a*pointer attached to it, which showed the position of the vari- 
able on a scale marked off into five positions each 2 in. apart. F igure 1 shows the arrange 
ment of the five positions. A memory-drum exposure device presented to the experi- 
menter a random series of the five position numbers, one at a time. The experimenter 
set the T card according to the number while the subject was viewing the I pattern. 


Variable 
T edge 


--@ 


[ec] 
Artificial pupils 


FIGURE 1 1 


Apparat. died ro demonstrate an adaptation effect in the judgement of relative depth. 


sub- 
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period will be 2 min, Aag alternating with ro-sec. intervals. The initial inspec 
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Each subject was given a practice session and then a session for each of four experi- 
mentalconditions. The sessions were well spaced, and their order varied for the different 
subjects. The experimental conditions were as follows, 

The equals condition, Here the I-pattern was the white rectangle with equidistant 
vertical edges. A 2-min. inspection period preceded the 50, 1-sec., test exposures inter- 
spersed with inspection periods each lasting 10 sec. 


The disparity conditions. These were similar to the “equals” condition, except that 
the right-hand edge of the white rectangle was 2 in. in front of the left-hand edge in one 
condition and 4 in. in front in the other, during the inspection period. 


The control condition. Here the I-pattern was a small fixation light only. 


The test periods were brief so as not to disrupt the state indyced by the I-pattern. 
The 10 sec. reinforcements of the I-pattern were given to keep the effect "topped up.” 
Each of the five positions of the variable edge of the test rectangle occurred 1o times in 
random order, making 50 readings in all. Each session occupied about 12 min. 


Results. The raw data consisted of the number of responses in which the variable 
edge was judged ''forward" of the standard edge. The total number of "forward" 
responses made by each subject in each condition was calculated, and the means of 


the five totals are shown in Table I for each condition. 
Lj 


TABLE I 
RESULTS FROM EXPERIMENT I 


Conditions 


Control Equals |2 in. forward | 4 in. forward 


Mean number of forward responses 25:6 25:8 15:6 

Eu .. at: : ue E esso: 1:80 2:36 

PESE... vs " v» ..| 008 —0'05 2:18 
0:78 037 044 


TABLE II 
ANALYSIS OF VARIANCE OF THE FORWARD RESPONSES FROM EXPERIMENT I 


Source 
Conditions : 2s : coc 
timulus categori 
Subjects wa Y NS. 
nditions x categories NS 
nditions X subjects Sool 
tegories x subjects E 
Residua] : 
Total ., i : 


ion of a particular pattern with the 
duction in the number of forward 
ent of the variable stimulus in 


TIS ; I 
e test pattern. The estimated P.S.E's for each condition are also set out in Table 
together with their iaai errors. The results are in inches; positive TT 
Tepresent “ forward” positions, that is, the variable edge appearing closer than y : 
Standard edge. The P.S.E.’s were obtained by averaging the 50 per cent. points 


An inspection of Table I suggests that fixa 
Variable edge in a forward position leads to a re 
responses, that is, to an apparent backward displacem 
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(weighted two), the 75 per cent. points and the 25 per cent. points of the psychometric 
functions shown in Figure 2. An analysis of variance was done on the totals of 
“forward” responses and the results are set out in Table II. 
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Test position of variable edge in inches. 
Closer to 0 than Standard when positive. 


FIGURE 2 
Psychometric functions for the four conditions of Experiment I. 


Tested against a standard error based on the residual variance from the analysis 
the mean difference between the “equals” and 4-in. conditions yields t = 4°10, which 
for 48 degrees of freedom has p <o-oor. The mean difference between the E 
and 4-in. conditions gives ¢ = 1-42, which is not significant. Hence the significan' 
main effect of conditions is due to a real difference between two groups of conditions, 
equals and control on the one hand and 2-in. and 4-in. on the other. 


EXPERIMENT II 


The second experiment was designed to check that the shift in P.S.E. was depen 
dent on the inspection periods and not merely an effect of successive contrast. 


Procedure. There was no initial inspection period and the periods between judgement’ 
were shortened from 10 to 5 sec. A second group of five subjects was used. In Me 
the level of discrimination of the subjects in Experiment I, it was decided to shorten dl 
stimulus category intervals to 13 in. In view of the results of Experiment I, the com’, 
condition was omitted and the 4- 


: p -in 
in. inspection patte laced by a I 
condition. Otherwise the design w. t Fier of ien 


4 1 is 
g S k as identical with that of Experiment I. The analys! 
shown in Table III, is again of totals of forward responses. 
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Results. The results of Experiment II are set out in Table III. The mean 
difference between the equals and 2-in. condition yields ¢ = 3:7, which for 32 degrees 
of freedom has p < o-oor. Hence the significant main effect of conditions is due to 
a real difference between the equals condition on the one hand and the 1-in. and 
xin. conditions on the other. 


TABLE III 
RESULTS FROM EXPERIMENT lI 


—————————————— 


| Cenditians 

| Equals — | 1x in. forward | 2 in. forward 
Mean number of forward responses  .. 288 | 21:6 | 214 
om. D T St Sa at 1:88 1:36 | 1-96 
Bae, = « 5g us T —0'5 0:59 0*54 
emdn. .. Ld oF a oa 0:26 018 0:32 


| | 


€ 


TABLE IV 
ANALYSIS OF THE VARIANCE OF THE FORWARD RESPONSES FROM EXPERIMENT II 


Sums of | Estimated 

Source | 4f. squares | variance E p 
Conditions z 2 35 175 9:35 <0-001 
Stimulus categories .. 4 945 236 126 «0-001 
Subjects » 4 30 T5 4°01 <0°05 
Conditions x categories 8 29 36 1:92 NS. 
Conditions x subjects 3: 8 8 I 0°53 N.S. 
Categories x subjects Nr 32 2 1:06 N.S 
Residual v a aS 32 60 1:87 
Total .. A oh MA 74 1,139 


The shift of P.S.E. between the equals condition and the disparity conditions is 
considerably smaller than in Experiment I (see Fig. 3). Subtracting the mean 
PSE. in the equals condition from that in the 2-in. condition gives an effect of 
313 in. in Experiment I, and 1-04 in. in Experiment II. In terms of frequencies of 
forward responses the difference between the equals condition means in the two 
Experiments is not significant whereas the difference between the 2-in. means gives 
t= 409, which for 80 degrees of freedom has p «oot. 


DISCUSSION SE 
ay iable edge of the inspection pattern is closer 
re conclude that d hift in the P.S.E. towards the 


1o the subje there occurs a S| J € 

TRE E a We appear farther ed There is no evidence 
at the size of thi ends on the degree of separa ion O: 

E 2 and 4 in, MW ee But the process has been shown to be ue 
pendent, since the addition of an initial 2-min. inspection period together wi 

‘doubling of the inter-judgement inspection period produced a significant increase 

M the size of the effect. 

expen, results will now be considered in 

ent was designed to test. 


relation to the four hypotheses which the 
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Hypotheses A and B: Stereoscopic fatigue and inversion. According to thes 
hypotheses, the variance in the control condition, when the Simu edges were mt 
present in the inspection period, should be lower than the variance in the other 
conditions. The standard errors of the means in Table I reveal that the Opposite of 
this prediction is true. The hypotheses. are therefore contraindicated. Ties 
hypotheses could not account for the shift in the P.S.E. which occurred in the dis- 
parity conditions. 
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% of forward responses 
è 


w 
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T4 +2 0 —2 


Test position of variable edge in inches. 
Closer to 0 than Standard when positive. 


FIGURE 3 


Psychometric functions for the three conditions of Experiment II. 


It may therefore be concluded that no 
version was present in the experiments, the 

There is the possibility that fatigue, or the tendency to inversion, affects only the 
test stimulus which corresponds to the inspection stimulus. If this were her. | 
response variability for those test stimuli would be greater than in the contro’! 


dition. _ The results reveal no such tendency and therefore the presence of loca’ 
fatigue is not indicated. 


: J or in- 
pronounced stereoscopic fatigue 


From the analysis, he 4il: 
ies Detween the contro] and both the 2-in. and t SE. 
; is, there occurred a significant shift of the P. metri 
Figures 2 and 3 show the psycho 
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tunctions from which it can be seen that the change in the number of forward 
responses was in the same direction for each of the stimulus categories. This implies 
ashift of the whole subjective scale of relative distance in the same direction. 

These results strongly support the hypothesis that there is an adaptation to the 
“norm” of equidistance, and that this process is formally analogous to those normal- 
ization processes described by Gibson and Radner. 


Hypothesis D: Three-dimensional figural after-effect. There is no strong evidence 
that variable edges suffer an apparent displacement away from the position of 
inspected edges as would be predicted from Köhler and Emery/s satiation theory. 
But such effects may be masked by the tendency of scales to remaifi all of a piece with 
reference to the P.S.E., even when the latter undergoes a shift. There is, however, 
an indication of such a figural after-effect in data from Experiment I, shown in 
Figure2. The equals condition produced disproportionately large and small numbers 
of "forward" responses to the +2 in. and —2 in. test stimuli respectively. These 
are the test stimuli adjacent to the position of the inspection figure. However, this 
discrepancy. was not sufficiently large to give a significant interaction. between 
conditions and categories. x 

Similarly, the variations in the slope of the curves for Experiment II (Fig. 3) 
though not significant, are in the expected direction. The category interval 3 in. to 
155 in. includes the position of the 2-in. inspection figure and the 2-in. curve ithe 
steepest of the three. The interval r:5 in. to zero includes the position of the r-in. 
„inspection figure, and here the 1-in. curve is the steepest. There is no inspection 
figure contained in the interval zero to — 1:5 in. but the equals curve, with inspection 

re at zero, is the steepest. y M 

The main result of the present experiments may thus be summarized in two 
Statements: (1) there is a tendency for non-equidistant objects to appear equidistant ; 
(2) this tendency outlives the presence of the inspection stimulus and reveals itself 
as a shift in the whole scale of relative distance, in subsequently exposed test stimuli. 

Statement r is confirmed in the work of others. 


3; b, 


ac 


(a) 
FIGURES 4a AND 4b 
Patterns used by Werner to demonstrate binocular depth contrast. 


_, Werner (1938 exposed the two patterns of Figure 44 in a stereoscope. The frame 
p: Bot ES y pe much $n dept despite the considerable disparity of the 
half-images, He assumed that the primary correspondence was altered. As a 
“nsequence, the two equal length lines c,-d; and c,-d, were judged according to the 
ES Correspondence, and appeared to slant in the opposite direction to the frame. 
So-called binocular depth contrast could be thought of as the simultaneous 
Counterpart of the successive adaptation effect reported here. eel 
emer reported a similar effect with the stereograms shown in Figure 4); i 
? Sets of lines were fused and the disparities in the lines a, b, and ag, b, were sat 


to 
duce a contrast tilting of the lines c, and cs. 
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Ogle (1946) attempted to explain this last effect in terms of cyclofusional eye 
movements which he said would be induced by the disparity of the outer ling 
These cyclofusional movements would, he claimed, restore the correspondence 
between the outer lines and consequently introduce a disparity between the inne | 
ones. This type of explanation is only possible for contrast effects produced by 
slant about a horizontal axis. In our experiments the relative depth changes ar 
equivalent to a slant about a vertical axis and neither eye torsions nor other typs 
of eye movement could “cancel” the retinal disparity. 

Gogel (1956) demonstrated an “equidistance tendency.” This is a tendency fe 
all parts of an object and for different objects to be seen in the same frontal-paralld 
plane when depth cues are weak. 

Harker (1962), in a study of the role of cyclotorsion in binocular contrast, con: 
cluded that there are, as well as cyclofusion, “perceptual factors” which determine 
the apparent displacement of objects to the frontal-parallel position. One of the 
perceptual factors he suggested is the equidistance tendency. 

While all this evidence supports an interpretation of our results in terms ofa 
central shift in the scale of binocular disparity, or in Werner's terms, a shift in 
stereoscopic correspondence, an explanation in terms of monocular factors cannot 
be ruled out. 1 

In our experiment, the separation between the images of the standard and variable 
stimulus edges was constant in the right eye. We need only consider, therefore, the 
changes in the left eye. In the experiment the subject is shown a series of 50 random 
settings of the edges. The possibility exists that during this test series he builds 
a subjective scale of monocular image separations of the edges. He could use such 
a scale as an indication of relative depth. In terms of adaptation theory, his neutral 


or equidistance point in this subjective scale would tend to centre about the meat 
of the stimulus series. 


objective equidistance, 
pattern would produce 
which would be to one side of the me 


mean or equidistance 

Monocular factors 
fact that the frame a 
been due to the sup 
not the case, the n 


fusion and would give rise to an po 
not depend on the frame being seen mM 


In Figure 45, the tendency to see 
horizontal axis, which Ogle explaine 
mage to normalize to the vertical. _ A 
see non-equidistant objects as equidistant A 
hed as a non, it is by no means certain that a shift ! 
pic disparity mechanism is involved. 
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BY 
ROLAND HARPER and S. S. STEVENS 


From the University of Leeds and Harvard University 


The apparent'hardrless and softness of nine samples of compliant materials wer 
scaled by direct magnitude estimation and by cross-modal matches to the apparent force 
exerted on a hand dynamometer and a finger dynamometer, and to the loudness of a band 
of white noise. The physical hardness (force/indentation) of the compliant specimens 
covered a range of more than roo to r, extending from a fairly soft sponge to a fairly har 
block of rubber. The apparent hardness of the specimens was found to follow the psyche 
physical power law. Subjective hardness grows as the physical hardness raised to a power 
The indicated exponent was about o-8 for magnitude estimation, about 0-7 derived by ak 
cuana from handgrip matches, and about 0-6 derived by calculation „from loudness 
matchos. 


Numerical estimates and cross-modal matches for softness gave functions that wert 
approximately the reciprocal of the functions given for hardness. Hardness is a coh 
tinuum on which there exists an upper threshold. 


SUBJECTIVE HARDNESS OF COMPLIANT MATERIALS 
| 

Studies of the apparent hardness of materials that can be deformed between 
finger and thumb date back to 1938 when Scott Blair first undertook investigatio 
related to the manual craftsmanship exercised by cheesemakers and cheese graders 
This work was influenced by the early studies by Katz (1938) on the skills of test | 
bakers. Harper (1952) has summarized the main developments up to 1950, including 
his own contributions. Most of these studies were concerned with differential sens- 
tivity, with the ranking of stimuli, or with rating stimuli on category scales. . 

The present experiments applied the techniques of direct magnitude scaling and 
cross-modal matching to the hardness-softness continuum. Both the apparent 
hardness and the apparent softness of selected specimens of compliant materials 
were scaled by the method of magnitude estimation (S. S. Stevens, 1958). In addi- 
tion, cross-modal comparisons were made between apparent hardness and three other 
sensory modes: (1) force of handgrip, (2) force exerted on a finger dynamometer, ani 
(3) the loudness of white noise. Similar cross-modal comparisons were made with 
the apparent softness of the samples. , 

The purpose of these experiments was to determine how the composite tactile 
and kinaesthetic attribute, apparent hardness, varies with the physical hardness el 
rubber-like materials. The immediate question is whether, in accordance with ti 
psychophysical law (S. S. Stevens, 1957), subjective hardness is a power function ® 
physical hardness, and, if So, what is the exponent? The results leave little doubt 
about the first question: the psychophysical relation certainly approximates à pow { 
function, but the different methods used in the present series of experiments eii 
somewhat different estimates of the size of the exponent. 

MATERIALS AND PROCEDURE 


The experimenter presented each subject wi i material F 
he could compress between finger and thumb, ee et a table with 
eyes closed and one wrist resting on the top of a ro-in. vertically placed board that screen 
the stimuli from his view. _ He opened his hand until the experimenter touched his tht 

with a sample of a material, Thereupon the subject squeezed the sample and m l 


]s whi 


judgement, with his eyes closed. 


labels are used. The softest specimens, II and l(a), were light, close-textured sponge 
rubber. Specimen II was about 2 in. in diameter; II(a) was a piece of the same material, 
4in. square. The difference in size and shape made II(a) slightly harder than II, both 
subjectively and physically. Specimen IV was a rectangular piece of close-textured 
Neoprene, 1°75 in. wide. Specimen V was a rectangular piece of open-textured sponge 
rubber with rough textured ‘‘skin.”” Despite these variations in texture, these four 
specimens of sponge were selected because they were already available in the laboratory, 
and they served to extend in the soft direction the range provided by the five 2:25-in. 
discs of vulcanized rubber that were manufactured specially forethe experiment. These 
manufactured specimens were labelled 20, 25, 30, 40 and 70, which were the “Shore Duro- 
meter Readings” provided by the manufacturer. Sample 70 felt hard to the touch but 
could still be noticeably deformed between finger and thumb, at least by the stronger 
subjects. Specimens having a Shore Durometer Reading greater than 70 were rejected as 
being too hard for the present studies. 
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The nine specimens used covered a physical range of more than 100 to 1, but they 
were not all spaced in hardness as uniformly as one would wish. In the following descrip- 
‘tion of the specimens, all of which were approximately 1 in. thick, the original identifying 
20 
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Ratio of force to indentation F/I 
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FIGURE 1 " n 

The ratio of force to indentation (F/I) used to define the physical hardness of the 
E i i in constant under different applied 
ae e RI E ntative points on the curves. 
55e hardnéss values are given by the im 
0, “e , The Roman and Arabic numerals were 
: "II" was the softest specimen and “70” was the hardest. 


all nine specimens, the ratio of 
d by means of a device that simulated the action 
iant mass. A similar device was developed some 
been described by Caffyn 


aron (1947). The present apparatus consisted of a counterpoised lever with a 


f b Order to obtain comparable physical measures on 
of ees indentation (F/I) was measure 
Ssing a finger or thumb into a comp 


a eee to test the firmness of hard-pressed cheeses and has 


1000 
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Force on £ in. ball (in pounds) 
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sliding weight. A steel ball, j in. in diameter, was fastened to the lever ro in. from the ) 
pivot. This ball was pressed into the surface of the specimen by one or the other of tue 
different weights, 0-42 Ib. or 4:94 lb., set at 5, 10, 15, . . . 35 in. from the pivot. A pointer, 
37°25 in. from the pivot, gave position readings on a centimetre scale. The specimen to 
be tested was placed on an adjustable platform immediately below the steel ball, and, 
with the lever in the “zero” or horizontal position, was brought into light contact with the 
ball. 

The ratios of force to indentation (F/I) for the various positions of the load are indicated 
in Figure 1. Since the curves in Figure 1 are not exactly horizontal, the value of FJI ! 
does not remain precisely constant as the physical load is altered. A section (dashed line) 
through the family of curves was chosen to define the numerical value of the hardness of 
each specimen. ‘The position of this line is essentially arbitrary, but it takes account of 
the fact that subjects squeeze the harder specimens with considerably more force than the 
softer ones. The finger dynamometer described below was used to ascertain how hard 
they squeezed the samples. The range of pressures was quite wide, but the median 
values agreed with the results shown in Figure 4. Certain other sections through the 
family of curves in Figure 1 were examined, but since the appearance of the plots (Figs. 2 
to 5) was not greatly altered by such changes, only the ratios of force to indentation given 
by the dashed line in Figure 1 are considered here. Only relative values of F/I are required 
and for the nine specimens these are 8:3, 10:0, 65, 83, 230, 240, 315, 430 and 970. 

4 
4 


LÀ 
Subjects 


"Ten subjects took part in each of the eight experiments. They were selected according 
to availability, and 47 different persons participated, of whom 37 were males. 


MAGNITUDE ESTIMATION 
The following instructions were given in the experiment on magnitude estimation. 
“Tam going to present a series of specimens for you to squeeze between finger and thumb. 
Estimate the apparent hardness of each specimen by assigning a number. Use what- 
ever numbers seem appropriate, fractions, decimals, whole numbers, but make the 
numbers proportional to the apparent hardness. In other words, the numbers should 


indicate how many times or what fraction the various specimens stand in relation © 

one another.” 

Each specimen was presented twice in an irregular order that was different for each 
subject. No explicit “standard” was used. : 

The 20 judgements made for each stimulus were averaged by determining the median 
and the geometric mean. As we nearly always find in such experiments, the medians were 
not systematically different from the geometric means. When these two statistics arè ? 
reasonable agreement, either measure may be used to represent the data. The geomettt 
mean, however, is the more “efficient” of the two. The arithmetic mean is strictly 
contraindicated for the averaging of magnitude estimations. In the following figure 
Straight lines have been fitted by eye to the geometric means or medians plotted in dou 


logarithmic (log-log) co-ordinates. In these co-ordinates a straight line represents * 
power function. 


Figure 2 indicates how apparent hardness and the inverse aspect, apparent soft: 
ness, vary with the physical value F/I. Since each subject used his own arbitrari 
unit, or modulus, it is sometimes convenient to multiply the values by one or another 
constant. Thus the judgements of softness were all multiplied by 2 before they we 
plotted in Figure 2. This procedure improved the appearance without affecting the 
slope (exponent) of the function. A straight line with a slope of 0-8 has been fitt 
visually to the data on apparent hardness, and a similar line with reciprocal slope 
(opposite sign) has been fitted to the softness estimates. To the extent that the date 
fit these lines it means that subjective hardness grows approximately in direct propo 
tion to the physical magnitude raised to the power o-8, and that subjective softnes 
gue by ee same function with a negative exponent. tween 

To a fair approximation the results in Figure s iprocality betW 
subjective hardness and softness: a sample that is ae (ERR pires thereby 
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alias soft. Similar reciprocal relations have been obtained experimentally on five 
‘other continua (S. S. Stevens, 1962). , 

As shown in Figure 2, judgements of softness (circles) show the greater variability 
about the line. There is also a slight downward concavity shown by the circles in 
Figure 2. Both these features, greater variability and slight downward concavity, 
have been observed in inverse judgements on other continua, The subjects frequently 
mport that they find it more difficult to estimate magnitudes in terms of the reciprocal 
function, a fact that is scarcely surprising. One would expect still more difficulty if 
subjects were required to report the, logarithms of apparent softness or some other 
mathematical transformation. . ‘ 


100 


Rubber 


Magnitude estimation ` 
S 


8310.0 65 83 m 430 970 


Force/indentation 


FIGURE 2 


qy Geometric means of the magnitude estimations of subjective hardness and softness. 
rest index of physical hardness is shown on the abscissa. The inverted triangles show the 
ults of a repeat experiment. 


Two sets of data for hardness are shown by the two kinds of triangles in Figure 2, 
and also in Figure 5. In order to test the reproducibility of the first experiments, 
* magnitude estimation of hardness and the matching of loudness to hardness 
Were repeated 2 months later by Dr. Miguelina Guirao. The two sets of triangles 
| onstrate how closely the results agreed when another experimenter repeated the 
| Bondure with a group of 1o subjects, five of whom had not participated in the earlier 
of "ment. In the repeat experiments, care was taken to balance the order: half 
the subjects first judged hardness and later matched loudness to hardness; the 
"half did the reverse, The matching procedure is discussed below. 


Cnoss-MoDAL STUDIES 

Three Series of cross-modal comparisons were undertaken in which the nine 
a Mens provided one of the sets of stimuli. In the first experiments, the apparent 
ess (or softness) of the nine specimens was matched with the force exerted by 
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the subject on the hand dynamometer that was developed by J. C. Stevens anf 
Mack (1959). In the second, the apparent hardness (or softness) was matched with 
the force exerted on a specially designed finger dynamometer. In the third, apparest 
hardness (or softness) was matched with the loudness of a band of white noise, The 
main purpose of these studies was to test the general validity of the power law 
appeal to the following argument. Consider two physical continua ¢, and y. With 
the constants that specify the size of the units omitted, the power law states that 
h= 4^ Yo = $a 
In cross-modal matching the subject equates yj; and V, a condition that is satisfied 
when the correspoading physical values have the relation 
$i = d, 5 

This means that the two physical values (f, as ordinate and d, as :bscissa) may be 
represented in log-log co-ordinates by a straight line with a slope equal to By 
Cross-modal matches relating to a number of different continua have already bees 


1 


found to satisfy this set of requirements (J. C. Stevens, Mack and Stevens, 190; | 


S.S. Stevens, 1959). 
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Medi FIGURE 3 i 
softness of ihe po ie on a hand dynamometer to match the apparent hardness 


Force of handgrip matched to apparent hardness (or softness) 


uk Eee ee was set up to the right of the subject, who squeezed its p 
À Stinsioae tar son d while squeezing one or another of the nine specimens in his left 

duated in 118 spo pected the handle of the dynamometer to a Dillon tensile La 
Lar er I-ib. steps from o to 100 lb. The ro subjects who took part were ! 


vim d to match the apparent hardness of a number of specimens presented to » 


n 
finger and thumb, and then match hoe E opos each spee Taa exert om 
the dynamometer, and tell me when the eee hardness with the force YOU Phe gig 
after each trial before the next spe the 
Similar instructions with the word softn i er 
; : ess substituted for hardness were u$ 
second part of this particular Study. The specimens were presented three times to cash 
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ct, in a haphazard order, different for each series and for each subject. The first 
: was always drawn from near the middle of the stimulus range. 


The relation between the median force of handgrip and the physical hardness of 
various specimens, according to the matching judgements, is shown in the log-log 
dinates of Figure 3. 
The line relating the dynamometer force to the values of F/I has a slope of 042 
dgives a close fit to the data. A line with a slope of —o-42 has been drawn through 
he points corresponding to the dynamometer forces that were matched to the 
ness of the specimens. It is evident that ‘this line provides a less satisfactory fit 
the data than is found for the matches made between force atd hardness. The 
est point for softness falls out of line with the other points, largely because some 
bjects matched the softness of the hardest stimuli with a squeeze too faint to register 
the dynamom«ter. Some complained that the hardest specimen had no “softness” 
tever. Asin other modalities (J. C. Stevens and S. S. Stevens, 1960) account may 
itd to be taken here of a threshold effect. This is normally done by means of an 
additive constant in the formula for the power law. Such a threshold effect may exist 
it both ends.of the hardness continuum, but with these particular specimens it is more 
kely to have shown up at the hard than at the soft end of the continuum. This point 
discussed more explicitly below. 


Finger force in pounds 


' ous ao » 
83.100 65 -83 cht > 
Force/indentation 
FIGURE 4 


Median forces exerted on a finger dynamometer to match the apparent hardness and 
“Hess of the specimens. 


finger and thumb. 


The relation bet i Í the matching force and the physical 
ha ween the median values of the £ s 
-CURESS of the specimens is indicated in the log-log co-ordinates of Figure 4. The 
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slope of the line fitted by eye to the matches with hardness is 0:33, and a reciprocal 
slope (—0:33) has been used to represent the matches with softness. The greater 
scatter and the downward curvature are again evident when apparent force is matched. 
to apparent softness. 


Loudness matched to apparent hardness (or softness) 


With his right hand the subject manipulated a ‘‘sone potentiometer” by means of which 
he could vary the loudness of a band of noise (500 to 5,000 cycles per sec.) delivered through 
earphones. The circuit was so arranged that the experimenter could adjust the range 
available intensities according to the hardness or softness of the specimen concerned. 
This gross adjustment was effected by means of an attenuator with 10-db. steps, which 
could also be used to step up the signal, when necessary, in order to measure it., The noise 
voltage was measured in decibels re 1 millivolt by means of a high-impedence voltmeter. 
The voltmeter was placed across the dynamic earphones (PDR-3 with sponge Neoprene 
cushions MX-41/AR). After demonstrating the controls, the experimenter gave the 
following instructions: 

"I want you to match the apparent hardness (or softness) of a number of specimens 
presented to you with the loudness of a noise. Compress each sample between finge - 
and thumb, with the eyes closed, and adjust the intensity of the noise until a match 
is made. Tell me when the match has been achieved.” 


The nine specimens were again presented to the subject’s left hand in a haphazard 
order, different for each subject, and each specimen was eventually matched twice 
with the loudness of the noise. The results are given in Figure 5. Since the decibel 


Sound pressure level in decibels 


65 83 230 315 430 970 
240 


Force/indentation 


ue FIGURE 5 a 
eee. averages of the sound pressure that appeared to produce a match betw 

More ae ee and softness of the Bibi. Thé sound pressure dm 

repeat apin 970002 dyne/cm?, The inverted triangles show the resu 


scale is already logarithmi Smet : jotted 
aceto pubes the arithmetic means of the decibel values are P d 


thm of the physical hardness values (F/I) for each specimen: Ar 
s 2 5 5 pect f 
since a logarithmic unit of sound pressure is 20 EN d cause energy = presse 
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squared), the slope of the straight line fitted to the hardness matches is about 0-8, 
The slope of the line fitted to the softness matches is somewhat steeper, almost 1-0, 
but there is considerable variability about the fitted line when matches are made to 
softness. Furthermore Figure 5, like Figures 3 and 4, shows evidence of threshold 
effect for softness—indicated by a sharp downturn of the dashed curve at the low 
end of the softness continuum. 


Discussion 


The foregoing experiments give a positive answer to the question of the appli- 
cability of the psychophysical power law to the continuum ‘of tactile and kinaesthetic 
hardness. This continuum can be added to the list of more than a score of continua 
on which subjective magnitude has been shown to grow as a power function of the 
stimulus magnitude (S. S. Stevens, 1961). The logarithmic function advocated by 
Fechner appears to hold on none of these continua, at least when sensory magnitudes 
- are estimated numerically or matched directly to other magnitudes. 


50 


Magnitude estimation 


20 


83100 65 8 s 31$ 430 970 


Force/indentation 


FIGURE 6 NC E 
The data from Figure 2 are plotted against a linear scale of magnitude estimation an 
logarithmic scale of he ating arar The straight line in the log-log co-ordinates 


pf Figure 2 becomes highly curved in these semi-logarithmic co-ordinates. A logarithmic 


function appears as a straight line in these co-ordinates (dashed line). 


In order to sh i timations of apparent hardness depart 
ow how far the magnitude estimati pparen less ( 

En à logarithmic function, the triangles that represent these estimates in Figure 2 

"Ye been replotted in semi-logarithmic coordinates in Figure 6. Thecurvein Figure 

3 Mentically the same function as the straight line in Figure 2. According to 
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Fechner's law, the data in Figure 6 should lie on the straight dashed line, because is 
semi-logarithmic co-ordinates a logarithmic function appears as a straight line 
Clearly, when subjects estimate apparent hardness the results diverge widely from 
the function Fechner advocated. , 


Reciprocality 

The ability of subjects to judge the inverse or reciprocal aspect, softness instead 
of hardness, turns out to be fairly good but not perfect. As found in other studie, - 
there is a tendency for judgements of the inverse aspect to give data that are slightly — 
concave downward,in log-log co-ordinates. This tendency appears to have bem 
enhanced in the present experiments by the judgements of some subjects that the 
hardest stimulus used had none of what they would call softness. As already noted, 
there seems to be a threshold effect involved. Despite these problems, plus the 
greater inherent difficulty of the judgement, people give reasonably reciprocal 
functions when they are asked to judge or match in terms of the inverse of a gives 
continuum, 

The of the judgements to show a second-order departure ‘from stre 
reci does not demand that we discard the power law governing the primary 
attribute, hardness. It is scarcely likely that all judgemental transformations that 
one could ask the observer to perform will turn out to give perfectly consistent results. 

equivalence is not necessarily psychological equivalence. For example, it 
may be logically possible for subjects to report the angle whose cotangent is pre 
portional to the apparent hardness, but the task might prove so difficult for most 
people that the results would not be interesting. 


Divergent exponents 

A feature of the present experiments that remains puzzling is the failure of the 
various procedures to yield the same exponent for apparent hardness. The method 
of magnitude estimation gave an exponent of 0-8. The cross-modal matches caf 
also be used to estimate the exponent if we multiply the matching exponent by the 
exponent of the continuum matched. Thus the exponent for matching to h 
(Figure 3) has a value of 0-42. If this value is multiplied by 1-7—the value that was 
obtained when handgrip was scaled—the result is 0:71. 

Since no value of the exponent has been independently obtained for the fing 
dynamometer, no calculation can be made for matches between finger squeeze 


. The loudness match gave an exponent of 0:8, or perhaps a bit higher if we weight 
it by the results obtained for the softness ee Tie exponent for the louc 
of a 1,000-cycle tone is 0-6, but the band of noise used in these experiments typically 
PX a value closer too7. The appropriate product yields, therefore, an € 
hardness that lies somewhere in the vicinity of 0-6. The difference between as 
estimate and that produced by direct magnitude estimation, o-8, is greater than wt 
as apres yet observed. (For a list of nine such comparisons, see S. S. Steves 
kn Why the large discrepancy when loudness is matched to hardness? We do s 
now for certain, but there is this to besaid. The squeezing of a rubber-like subs | 
forth pen E eu many aspects—touch, pressure, muscular exertion, E 
; As with the silicone resin known as "bouncing putty,” different prOP y 
stand out, depending on what one does. It is possible that matching one E 
stimulus to apparent hardness calls attention to one aspect of the situation, and ti 
matching another kind calls attention to some other aspect. It is even possible 
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squeezes the compliant specimen differently, depending on whether be is 
p match its hardness to a number, to another pull, or to a loudness. In any 
minst the background of more than a score of crossmodal matches that have 
‘excellent agreement with prediction, it is interesting to have found a kind of 
is for which the exponent derived from crossmodal matches does not agree 
hat predicte d from direct magnitude estimations. It poses a puzzle. 
all the experiments reported above, the values determined for the exponent 
fdiness are strikingly lower than the value 1-7 obtained by J. C. Stevens and 
He (1959) for subjective force of handgrip. Although both operations involve 
fing, the perception of hardness seems to have a different.basis from the per- 
8 of muscular effort. 


noted above, the hardness-softness continuum exhibits another novel feature, 
ly, evidence of an upper threshold. There is also a lower threshold, presumably, 
fhe hardness of our samples did not extend down to its vicinity. When an 
fiment needs to take explicit account of the lower threshold, dy, the power law 
g the psychological magnitude y to the physical magnitude ¢ can be written 


y = kl$ — do)? 

&quation says in effect that, in order for the power law to hold, the stffnulus 

de measured starting at the threshold value. The continuum for the apparent 

Mth of objects applied to the forearm provides an obvious example of the need 
sasure the stimulus as the difference between the threshold or "neutral" tem- 

* and the temperature of the stimulus object (J. C. Stevens and S. S. Stevens, 


When, as with hardness, there exist stimulus values above which there are no 


sponding gradations in the subjective magnitude, the problem of an es 
Shold, &,, enters the picture. It is conceivable that the power law may t 


e form 
PN. 
eer 
faphical representation of this equation, with an arbitrary set of parameters, is 


i figure 7 " was set at 1 and the upper t 
min Figure 7. The lower threshold éo z a power fx i did 


“two ends where it approaches 
Values of do and du. -— 
When this model is applicable, the curve for the oregoing experi- 
lead of hardness, resembles Figure 7 turned upside down. In e felt “infinitely” 
its, although care was taken to eliminate the rubber x i me subjects 
d, i.e., those that had no detectable softness, it appears = or d this em alt 
timen “70” was near or above the upper -— wind sis Hat ¢ the nature and 
how úp most clearly in the judgements of softness es be studied in terms 
of the upper threshold, when it exists, may pere de $ drawn to 
inverse aspect. The dashed portions of Figure 3, 4, an diues 


the right-hand end of the curve for 
i al data. There are several possible 


i ice in the subjects' approach to each of 
cups numbers, and his aversion to 


verse function, e.g. softness 


& 
a 
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for this fact, among them the difi 
Wo tasks, his normal resistance to using very large 
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producing extremely intense stimuli in cross-modal matching. In other words, it | 
may be that the symmetry depicted in Figure 6 cannot be easily duplicated in an 
experiment, even if the range of stimuli could be made to extend from the lower to 
the upper threshold. 


„Psychological magnitude p 


l 10 100 1000 
Stimulus $ 


FIGURE 7 


An example showing how the power function may appear in log-log co-ordinates when 
there is an upper as well as a lower threshold. 


It should be noted that no upper threshold has thus far been found for any of the | 
simpler sensations, loudness, brightness, saltiness, etc. On the other hand, it may -— 
prove possible to demonstrate an upper as well as a lower threshold on certain other 
continua. Viscosity and inertia are two continua that suggest themselves. 


The continuum 


Two of the compliant specimens used as stimuli happened to be very close together 
in hardness: the values of the ratio F/I were 230 and 240. In the total of ke 
experiments depicted in the fore-going figures, the geometric means show that the 
physically harder specimen was judged harder (or not softer) in all but one instal 
namely, when handgrip was matched to apparent softness (Fig. 3). This matter } 
mentioned here in order to emphasize the nature of these sensory continua. To the 
extent that the continua are in fact continuous, there is in principle no limit on Don 
close two stimuli may be spaced and still be resolved. The averaging of 
judgements will detect the difference between them and place them correctly on l k 
scale. In this sense there is no just noticeable difference, for there is no specifiab® 
separation at which two stimuli would fail to be properly resolved if geometric n 
were taken on a large enough sample of data. The conventional just notice” 


difference is merely an arbitrary measure of the scatter or dispersion among people» 
discriminatory judgements. 
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SUBJECTIVE EXPECTANCY AND CHOICE 
REACTION TIMES 


BY 
G. H. MOWBRAY 


From the Applied Physics Laboratory, The Johns Hopkins University, Silver Spring, 
` : Maryland 


Previous findings suggested that selective response times might be affected both by the 
inter-stimulus interval and by the probability of occurrence of the stimulus for reaction. 
These two factors have been tested independently and have been found to influence 
reaction times in a fashion that an expectancy hypothesis would predict. 


In a recent series of experiments concerning the effect of number of alternatives 
on choice reaction time for overlearned stimulus-response combinations, it was shown 
that the two classical types of choice reaction produce dissimilar results under identical 
stimulus conditions (Mowbray, 1960). In summary, the case that calls for a different 
respsnse to each of a number of different stimuli, provided reaction times that did not 
increase as a function of the number of alternatives. However, the case that call 
for a response to only one particular stimulus—all others being ignored— provided 
reaction times that increased linearly as the number of alternative stimuli was 
increased. Classically these conditions are known as the Donders b-reaction and the 
Donders c-reaction, respectively. In contemporary usage the former is termed 
Lu. or disjunctive reaction, and the latter, selective response (Brebner and Gordon, 
1962). 

Physically, the experiment using the choice reaction was identical to that using 
the selective response, with one major exception. In the former case, subjects welt 
required to respond to every stimulus, while in the latter case, a response was requir 
only when the key stimulus appeared. Therefore, in one instance, responses occurred 


fairly regular, normal distributions of interstimulus intervals, i.e. there were a fe 
short intervals and a few long 


when expectancies were low and to decrease gra ; die 
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subjective estimation of the time at which a stimulus calling for a response is likely 
to occur. Presumably, as the subject gains experience with the task, he develops 
some notions about the statistical structure of it and tailors his behaviour to suit. 
Furthermore, it seems likely that at least two factors can influence expectancies. 
These are the distribution of inter-stimulus intervals and the number of stimuli that 
require a response relative to those that do not require a response. As to the first 
of these, it is proposed that when stimuli requiring a response are distributed through- 
out a sequence in such a way that many occur in close succession and few are separated 
by long intervals, subjects maintain an alertness and a consequent lowering of reaction 
times that is absent in the converse situation. This alertness will be reflected not 
only in the mean, overall reaction times but individual reaction times will follow to 
a certain extent the actual distribution of intervals employed. In other terms, 
reaction times will be lower at the modal points of the distribution of inter-stimulus 
intervals than at other points. The second factor, while akin in many ways to the 
first, is yet conceived of as exerting its own special influence. Given identical 
distributions of inter-stimulus intervals and equal probability of occurrence of all 
stimuli, a two-choice reaction time task will require a response to 50 per eent. of all 
stimuli, whereas a ten-choice task will require a response to only 1o per cent. of the 
stimuli. In the former case, a greater degree of alertness will be maintained with a 
consequent reduction of reaction times relative to the latter. < 

The following experiments were designed to test independently the effect of these 
two factors. 


EXPERIMENT I 


The first experiment is an investigation of the effect on the selective response 
latency of various distributions of inter-stimulus intervals, holding average rate of 
stimulus occurrence constant. 


METHOD AND PROCEDURE 

The apparatus employed in this research has been described in detail elsewhere 
(Mowbray, 1 960). Briefly, it is capable of displaying any one of the 10 Arabic numerals, 
$9, at any reasonable speed, as programmed from a punched-tape, teletype tennen 
€ reaction time measured was the time elapsed between the appearance of a numera 
and the vocal naming of the numeral by the subject. An electronic voice key was used in 
conjunction with a Standard Timer, Model S-t. e t f 
or this research, all 1o numerals were used with each numeral appearing with a 
Mately equal frequency at 2-5 sec. intervals. Three sets of tapes were prepared n ae 
à manner that the key stimulus (the figure 8 in every case) had a different distribution o 
Iter-stimulus intervals in each set. The individual sets contained approximately 1,300 
Stimuli. For ease of storage and handling, all sets were divided into 13 tapes of about 100 


Stimuli each, z 
o The three distributions of intervals employed were (a) normal, (b) rectangular, an 


i f the distributions with the number of 
ames that a given interval was utilized. It will be noted that the number of key st imuli 


and the total number of stimuli for each distribution is not exactly equal This com- 


7h equal probability of occurrence (0-10) wou 


e subj een the ages of 1 
Previously 2e ie peo Ea Vau HERE They were selected from among a 


z j i i ir variances for choice reactions. 
b^ were te ci oa eee Seopa e choice reactions for all 
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three of the distribution sets, i.e. they responded to all stimuli as they appeared. Follow- 
ing this, they provided selective responses (responding only to the appearance of the 
figure 8) for the three sets of distributions. In this latter case, each distribution set was 
presented twice to each subject. The order of presentation of the distribution sets was 
different for each subject. One experimental session lasted approximately 1 hr, and 
consisted of the presentation of one distribution set. Thus each subject served in nine 
experimental sessions and contributed a total of about 4,700 reaction times. In the 
analysis only the reaction times to the key stimuli were used, and these were all reduced 
by 65 millisec. from the recorded time since that was the measured delay caused by relay 
inertia of the apparatus. à 


Normal distribution Rectangular distribution "|" distribution 


Key stimuli — 100 Key stimuli — 99 Key stimuli — 146 
> 2 Total stimuli - 1305 Total stimuli - 1305 Total stimuli - 1313 
€ 
v 
2 
y 
? 
f, | 

yf ho... | mmy 
TS | i75 | 325 | 475 | 625 25 | 175 | 325 | 475 | 625 
100 250 400 550 100 250 400 550 

" Inter-stimulus interval (sec.) 


FIGURE 1 
The distributions of inter-stimulus intervals employed for all three distribution sets. 


RESULTS 
The first results to note are the mean reaction times for the two types of responses 
and for the three distributions of inter-stimulus intervals. These are shown in 
Table I, along with the standard deviations and the total number of reactions con- 
tributing to the mean values. It is of importance to observe that the selective 


TABLE I 
MEAN REACTION TIME, STANDARD DEVIATIONS AND N's rog THE THREE DISTRIBUTIONS 
OF INTER-STIMULUS INTERVALS AND FOR Two Types or REACTIONS (12 SuBJECTS) 


I ; Mean reaction Standard Number of 
Reaction—type and distribution time (sec.) deviation reactions 
Choice reaction | 
Normal distribution o 
ution .. :430 06 1,150 
Rectangular distribution ae ae 1,161 
J” distribution A pen 0425 0-068 | 1,716 
Selective response 
Normal distribution o 
H E "e 5 š 6 ^ zi 2 
Rectangular distribution ud Ke 2314 
J” distribution E F 0452 0-081 3,383 
| n 


responses yielded higher reaction times than the choice reactions as reported earlier 
for the 10-choice condition (Mowbray, 1960). Furthermore, the choice reactions 

se ear to'be affected by the distributions of the inter-stimulus intervals of the 
key stimuli. _ The reaction times using the “J” distribution, while lower than the 
other two, did not show a significant difference when tested with Student's ! f^! 
correlated scores. On the other hand, the distributions of the key stimuli for the 


selective responses did significantly affect the latencies, The difference between th? 
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' pormal distribution and the rectangular distribution was tested for significance 
lagain with Student's /) and it was found that such a difference could occur by chance 
lss than one time in a thousand. The “J” distribution, which gave the lowest 
reaction times of all, was of course significantly different from the rest. 

It is perhaps not unexpected that the standard deviations for the choice reactions 
should be consistently lower than those for the selective responses. The irregularity 
of the latter must provide some amount of uncertainty for the subject, leading in 
turn, to more variable performance. ‘ 


O55 
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2» Rectangular distribution 
———— "J" distribution 
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FIGURE 2 


, Mean selective response latencies as a function of the interval in seconds between key 
stimuli for the three distribution sets. 


The second results to note concern the effect of the inter-stimulus interval on 
the individual reaction times. The purpose of this analysis is to determine whether 
the reaction times reflect the realities of the stimulus sequence. Figure 2 shows mean 
Teaction times plotted as a function of the inter-stimulus intervals for all three 
distributions. 
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FIGURE 3 " 
„Mean choice reaction times as a function of the interval in seconds between key 
for the three distribution sets. 
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It should be pointed out that successive intervals have been combined both for 


ĉase of Plotting and for the stability gained for those intervals that contain relatively 


Wr 3 h 
“action-time measurements. 
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: g first at the plot of the “J” distribution data, 1t 15 evi : 3 
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intervals. The large number of short intervals relative to longer ones apparently 
served to maintain an alertness in the responder that is reflected by his reaction times, 

The data for the normal distribution are not so clear-cut. While it is true that 
reaction times for the short intervals, which were relatively rare, are considerably 
raised, the shortest times are not clearly associated with the most numerous intervals, 
Rather, they are displaced towards the short interval end of the distribution. 

Finally, for the rectangular distribution where there is.no clear modal pattern of 
inter-stimulus intervals, reaction times generally reflect that fact. In other words, 
they remain fairly constant for all inter-stimulus intervals. 

Figure 3 gives the mean reaction times to the key stimuli for the choice reactions 
as a function of the inter-stimulus intervals for all three distributions. Here it can 
be seen that there was no systematic trend in these plots nor any overall differences 
due to the distributions of the key stimuli within the main body stimuli. 

Errors made by the subjects in this experiment were extremely few. In all cases 
they represented less than 0:5 per cent. of the data and hence have been excluded 
from consideration. 


EXPERIMENT II 


The second experiment was designed to evaluate the effect on selective response 
lateacy of various rates of key stimulus appearance, using identically shaped distri- 
butions of inter-stimulus intervals, 


METHOD AND PROCEDURE 
The apparatus and the general method employed were the same as those of the previous 
study; only the independent variables were different. ait 
Two separate choice. conditions were used in conjunction with two probabilities of 
occurrence of the key stimulus to provide the following four experimental conditions: 


(1) Four-choice alternatives with a o-10 probability of occurrence of the key stimulus. 


(2) Four-choice alternatives with a 0-25 probability of occurrence of the key stimulus. 
In other words, all four alternatives were equally likely. 


(3) Ten-choice alternatives with a oro probability of occurrence of the key stimulus. 
(4) Ten-choice alternatives with a 0-25 probability of occurrence of the key stimulus. 


Tapes were prepared that contained roo key stimuli for each of the four condition 
In the four-choice conditions the numerals used were I, 4, 6 and 8, and, of course, in the 
Io-choice conditions the numerals were o-9. For all experimental conditions employe 
the distribution of inter-stimulus intervals approximated a “J” distribution. That i$ 
Say, there were a large number of short intervals and a decreasing number of long ones. 
Because of the restrictions involved, the total number of stimuli per tape differed. For ; 
PL employing a stimulus probability of 0-25 the total number of stimuli was ur 
xia ` Hips involving a stimulus probability of o-ro the total number of stim " 
fi alt n a e key stimulus, hence the only one requiring a response, was the figure 

Experimental sessions required about 20 min. for al itions employing à 0°25 
probability and just under 1 hr. for the conditions E eu e 0-10 probability. re 


an experi ; 5 i [ 
hod osi. Session had begun there were no interruptions until the complete 
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total of 114 subjects participated in this experiment with each subject being M 
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subjects were not informed about the purpose of the experiment nor did they know 
beforehand how long the experimental session would last. 


RESULTS 


The overall mean reaction times for the various experimental conditions are shown 
"m Table II. All roo reactions per subject, excluding any error, were used in the 
analysis. There are a total of 11,222 reaction times represented in this table, or 
approximately 98-5 reaction times per subject out of a possible 100. 


TABLE II y 


T. LJ 
Mean CHOICE Reaction TIME IN SECONDS FOR DIFFERENT NUMBERS OF ALTERNATIVES 
AND FOR DIFFERENT PROBABILITIES OF OCCURRENCE OF THE KEY STIMULUS (114 SUBJECTS) 


| 
| Number of alternatives 


Probabilities 
of occurrence | 4 10 
0:10 0:523 0:534 
0:25 .0*503 07491 © 


The first thing to notice, and the most important result of this research, is the 
fact that reaction times for four choices and Io choices are not different When 
the probability of occurrence of the key stimulus is the same. In other words, when the 
average rate of occurrence of the stimulus requiring a response is held constant, the 
number of different stimuli not requiring a response with which it is associated, has 
no effect on reaction time. The small differences between the means for the four- 
choice o-ro probability condition and the 10-choice 0-10 probability condition were 
tested for significance using Student's /-test and were found to be not significantly 
different from chance. The same test was applied to the difference between the 
means of the four-choice 0-25 probability and the ro-choice 0:25 probability conditions 
With the same result. 

Comparisons were also made between the 10-choice 0-10 probability and the 10- 
thoice 0:25 probability conditions, and these means were found to be different with 
à “p” greater than o-or. However, the same comparison for the four-choice con- 
- ditions did not yield a significant difference. a 
, Finally, diagonal comparisons between the means all yield differences that are 
“gnificant in the direction required for the suggested hypothesis. 


DISCUSSION 
In measuring choice reaction times of the type known classically as the D 
sraction, and more recently as selective response times, there are three main thing 
0 be considered. 


.. (1) The overall, mean reaction times are influenced by the nature of the distribu- 
‘on of inter-stimulus intervals. Reaction times are highest for rectangular eos 
"nS, Le, when long and short intervals between key stimuli are equally represente 
In the €xperimental sequence. Reaction times are lowest for “J distributions, i.e. 
then there are a great many short intervals and relatively few long ones in the 
“perimental sequence. 
n 2) Not only are over-all, mean reaction times influenced by the shape of the 


Mter-stimulus interval distribution, but so also are individual reaction times, in that 


they tend to reflect the actual, physical characteristics of the distribution. Thus 
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it is that the lowest reaction times for the “J” distribution occur at the shortest 
intervals, which also are the most numerous. For the rectangular distribution wher 
all intervals are represented an approximately equal number of times, no clear and 
consistent trend is in evidence. It would indeed be gratifying if reaction times for 
the normal distribution of intervals had adhered as closely to predictions stemming 
from an expectancy hypothesis as the other distributions used in this research. Ip | 
one respect, it clearly can be claimed that they did. The longest reaction times am 
unequivocally associated with the shortest inter-stimulus intervals which in turn are 
the least numerous. The disappointrhent follows from the fact that the shortest 
reaction times are not associated with the most numerous inter-stimulus intervals 
but are, instead, displaced toward the short interval end of the distribution. 

(3) Finally, the frequency with which a stimulus calling for a response occurs, 
relative to those not calling for a response (or the response/no response ratio) hasa | 
great deal to do with determining the size of the reaction time. When this ratio is 
the same, even though the number of alternatives involved varies greatly, the reaction 
times will be the same. This fact goes a long way toward explaining an anomalous 
result found in an earlier research (Mowbray, 1960). Here, it will be zemembered, 
selective response times increased linearly as a function of the number of alternatives, 
and further, reaction times for large numbers of alternatives were higher than for the 
same number of alternatives utilizing the choice reaction. In the earlier research, 
not‘bnly were the distributions of inter-stimulus intervals contributing to the inflated 
reaction times, but so, too, were the response/no response ratios. Classically, it has 
always been maintained that selective response times are shorter than choice reaction 
times on the grounds that producing one response from a repertoire of response 
requires more time than matching a single response to one of a repertoire of stimuli; 
in short, that it is more time-consuming to select and produce a response than it is t0 
select a stimulus for response (Woodworth, 1938, p. 303). Faced with the evidence 
gathered here, one begins to wonder about the justification for such a position, In 
Mowbray's (1960) earlier experiment, selective response times were lower than choice 
reaction times for two and four equally likely alternatives, they were the same for six 
alternatives, and they were higher for eight and ro alternatives. Again in Experiment 
I of this research, Io equally probable alternatives yielded longer latencies with the 
selective response than with the choice response. However, as Experiment. 
has shown, the difference originally found between four and ro alternatives usil 
a selective response, disappears when the response/no response ratios are equat ; 
It thus becomes evident that more is involved in the comparison than a simple 
statement of the type of reaction called for. x 
= ped ips adon (1964) report confirmation of the effect of stimulus probable 
A Lo ud latencies. Using a manual response to the appa 
Altea E nasse latencies were the same for two alternatives E qi 
inl g as stimulus probabilities were equal. On the other hand, A 

ium alternatives the shortest latencies were associated with the highe 
probabilities of stimulus occurrence. 
ide n the suggestion made earlier that selective responsg e 
1969). These eee ve expectancies derived from the experimental task ME ji 
bud wt TR DT Ed be influenced by the way the key stimuli we 
subjects infer Me ie Um OS key v non ER a about 
ee wen e d t 7 on the basis of experience with the task, something hos 
ons i bution of key stimuli and tend to be more alert during a 
x C ot an experimental sequence when a response is likely to be called: 
at their inferences are not always entirely accurate is perhaps not surpt 
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Apparently, their estimates for the normal distribution erred on the side of brevity. 
Whether, with longer sequences, they would have adjusted their expectations to 
coincide with the facts of the situation cannot of course be ascertained. In any case, 
it is generally agreed that the duration of long temporal intervals tends to be over- 
estimated when the subject is engaged in a boring and monotonous task (Woodrow, 
1951). i 

Deese (1955) earlier proposed an expectancy hypothesis to account for some of the 
results from experiments on watch-keeping behaviour. The similarity between tasks 
of that sort and the ones discussed above is marked, Both are concerned with the 
detection of an unpredictably occùrring signal amidst "goise." Whereas vigilance 
experiments often count time between signals in terms of many minutes or possibly 
even hours, it is seldom more than seconds for selective response experiments. It 
is interesting to consider that the same principles may apply in both cases, Of 
further interest is the recent finding that time-uncertainty with regard to the appear- 
ance of a choice reaction signal, under certain conditions, affects the choice reaction 
time in a fashion that is consistent with the expectancy hypothesis herein adopted 
(Bertelson, and Boons, 1960, 1961). They reported that constant fore-periods of 
95 and 2:5 sec. resulted in lower choice reaction times than fore-periotls varying 
randomly between 0-25 and 5:5 sec. in the former case, and between 0-5 and 2:5 sec. 
inthelatter case. However, constant fore-periods of 5:0 sec., for some unaccountable 
reason, produced the longest choice reaction times of all. The significance ef this 
tesult obviously merits further study. 


, This report was prepared under Contract NOw 62-0604-c between the Bureau of Naval 
Weapons, Department of the Navy, and The Johns Hopkins University. 
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THE EFFECT OF REPETITION OF ITEMS ON 
TWO PHASES OF PAIRED ASSOCIATE LEARNING 


BY 
PETER B. WARR 
From the Department of Psychology, University of Sheffield 


An investigation is reported in which the effect of repetition of items on two learning 
tasks is determined. " These tasks are considered tq be analogous to the response-learning 
and associative phases of paired associate learning. The findings tend to support the 
hypotheses under investigation, that response learning is an all-or-none occurrence and that 
the associative phase may be explained by the dual factor hypothesis. 


INTRODUCTION 


Underwood, Runquist and Schulz (1959), Underwood and Schulz (1960), Postman 
(1961), Horowitz (1961) and others have argued that the standard paired associate 
learning task involves two phases. The learning of a paired associate item is taken 
to involve a response-learning phase and an associative phase. Similar conceptions 
involving a greater number of stages have been suggested (Cook and Kendler, 1950} 
Murdock, 1959; McQuire, 1961), but these agree in acknowledging the existence of 
response-learning and associative phases. The simpler analysis of paired associate 
learning into two phases will be considered here, without in any way attempting t0 
judge the merits of the various interpretations. It is felt that the conclusions reached 
below are equally applicable to the multi-stage analyses of paired associate learning 
insofar as these accept the existence of a response-learning and an associative phase. 

The term response-learning is used here in a wide sense: not only has a previously 
unencountered response term to be learned (a matrix of dots, for instance), but à 
familiar adjective occurring as a response term has to be discriminated from other 
adjectives. This is to say that response-learning still takes place when the responses 
are familiar terms, since the subject has to learn which of these familiar terms ar 
relevant to his task. The associative phase is taken to involve the connecting of 
response terms, which have been accepted as part of the current population of such 
terms, to the appropriate stimulus terms. It must not be assumed that the associa- 
tive phase always occurs on a trial after response-learning, although this may some 
times be the case. 

„The experiments to be reported here deal with the effect of repeated presentation 
of items on these two phases of paired associate learning. It has been argued (e.g: 
Rock, 1957; Rock and Heimer, 1959; Clark, Lansford and Dallenbach, 1960; Estes 
1960) that repetition is of importance in learning only in so far as it strengthens 
associations which have already been formed on a single trial. Learning is con- 
sidered to take place on a single trial so that repeated presentation of items cannot 
lead to a gradual building up of associations. Warr (1963) has claimed that w 
results of these experiments do not provide satisfactory evidence for this ‘argument 
and has Suggested that paired associate learning in some conditions requires à QU** 
factor hypothesis. This involves the notions that all-or-none and increment 
factors may both contribute to the learning of a paired associate list and that subjects 
tend to "select" certain items from that list. In some circumstances, however, leat 


ing may be possible after only a single "selection," in which cases incremental learning 
1s not necessary. 
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The data which provide evidence for the dual-factor hypothesis were also analysed 
(Warr, 1963) in such a way as to generate hypotheses about the response-learning 
and associative phases of paired associate learning. It was postulated that the 
response-learning phase may be accounted for by the all-or-none hypothesis and that 
the associative phase may be interpreted on a dual-factor basis. Since the evidence 
advanced in favour of these suggestions at the time was somewhat circumstantial, 
the present experiments were carried out to see if more compelling evidence for the 
hypotheses might be forthcoming. 

The experimental design is basigally that of the previous experiment. Items are 
removed from the list on the criterion of a single correct cecall-by the subject, and 
new items are inserted in the list in place of the learned ones. In this way the length 
of the list remains constant and all items presented are as yet unlearned. Such a 
procedure allows the probability of correct recall to be related directly to the number 
of presentations that an item has received. 


EXPERIMENT 1 


The purpose of this experiment was to study the effect of repetition of items on 
tesponse-learning. To this end, subjects were required to learn a list of two-digit 
numbers (which comprised the response terms in the original experiment). Learning 
was assessed by a free recall test after each presentation of a list. This tesk is 
considered essentially identical to the response-learning phase of paired associate 
learning, since the question of associating the items to a stimulus term does not arise. 
The subject’s learning task is to discriminate the items in any one list from the remain- 
ing items of a population which is known. 


Apparatus and Method 


_ Two In-Line Digital Display Units were mounted together to expose two-digit numbers 
in the centre of a 2 ft. by 1 ft. black screen. The subject sat facing the screen in a fairly 
dark room. The numbers were exposed by means of switches operated from behind the 
subject, at a rate of one presentation every 24 sec. The number was exposed for approxi- 
mately 1} sec. after which the screen was blank for approximately 1 sec. whilst the switches 
Were moved to the next position. During presentations of a list the subject repeated 
fach item as it appeared, and at the end of the presentation he recalled as many items 
(in any order) as he could. No knowledge of results was provided. ) 

, A pilot study revealed that subjects tended to recall immediately the last three or four 
items of the list in the order in which these had been presented. They then tended = 
Pause, after which they recalled isolated terms from the rest of the list in an apparently 
fandom order. It was felt that they were first emitting responses held in a short-term 
Store before emitting those terms which could be considered examples of more long-term 
retention. This distinction between the phenomena of retention and the - ne 
mage” (Evinnerungsnachbild) has long been recognized (e.g. Fechner, 1860; i " sed 
1915. Whilst there is no evidence that a measure of immediate memory wou yie 
different results to a-measure of more long-term retention, it was considered preferable to 
attempt to keep the two measures separate. ' ; 1 
1 It is possible to avoid measuring immediate cns A rd un deseri 
dp e i gurani AE of rof items from the list. 
established relationship between number 


x» this would artifically increase the established prob i 
Hon. To ensure that Seed a factor is not influencing the results, it is necessary phat an 
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equal proportion of the items receiving each number of presentations occurs in each serial- 
order position. For example, if 640 items are presented once throughout an experiment 
employing an eight-item list, the number of these items in each serial-order position must 
not depart significantly from 80. And a similar control must be exerted over items receiv- 
ing all other numbers of presentations. A determined attempt was made to balance 
this proportion of items in each serial-order position, but since no guarantee was available 
in advance of the experiment that this control would be complete, it was considered 
advisable to employ a technique which would minimize the effect of unbalanced propor- 
tions and the possibility of the artefact discussed above. 

In order to overcome these three difficulties, an experimental procedure was devised 
which involved presenting a 12-item list, of which only the first eight items were scored. 
Subjects were of course not.aware that this procedure was being followed. The last four 
items of a list were therefore “ballast” items. Each ballast item was presented only once. 
The experiment comprised eight presentations and eight recall tests, so that 32 ballast 
items were presented to each subject. Twenty-five of these were numbers haphazardly 
selected from the range 12-98, excepting double numbers (22, 33, etc.) and numbers 
including a zero (20, 30, etc.). The remaining seven ballast items were numbers including 
a zero. The position of each of the ballast items was held constant for all subjects. 

The first eight items in each list presented were taken from the residue of the range 
12-98, with the exception of double numbers and numbers including a zero. The experi- 
mental procedure has been described elsewhere (Warr, 1963). Allitems correctly recalled 
from the experimental list (i.e. excluding the ballast items) were replaced by new items 
haphazardly selected from the same population. In this way the experimental list was 
determined by the subject's learning of the previous list and by the selection of new items. 
Order-of experimental items was varied between presentations. On the other hand, the 
position of the four ballast items in each presentation was held constant for all subjects. 
It must be emphasized that no subject was aware that this procedure was being followed. 
Although it is possible that the ballast items may interfere with other items in any list 
this interference will have a constant effect on the variable under investigation. 

The following time intervals were employed: Presentation rate—2-5 sec. (see above). 
Recall period—25 sec. Interval before next presentation—15 sec. 


Subjects and Instructions 


Thirty-five subjects took part in the experiment (10 female and 25 male). They were 
all students drawn from several Departments of the University. No subject was awareof 
the purpose of the experiment or of the manipulation of the lists until this series of 
experiments had been completed. 

Identical instructions were read to each subject. They were told that r2 two-digit 
numbers would be presented in succession and were asked to repeat these numbers and to 
learn them. The possibility of new items appearing was described in the following Way: 

After the first presentation and recall test, I will present a further series of 12 numbers. 
These may or may not be the same numbers.” Subjects were informed that the experi- 
ment would comprise eight presentations and were encouraged to treat the eight presenta- 
tions as one continuous task. 


Before the experiment proper subj i i lts 
" n jects were given one presentation and one reca 

using 12 numbers which were not used later. These es were all double numbers 0r 
numbers including a zero. 


1 : The purpose of this practice was to accustom them to the time 
intervals involved and to the verbal responses Seded of them. 


Results and discussion 

^ The mean number of items correctly recalled per subject over the eight tests 
(“C-score”) was 20:31 (S.D. = 567). C-score naturally does not include the bal e 
items. Mean C-score for each recall test is shown in Table I. It will be noted that 
C-score ae fairly constant over the eight recall tests. A "typical" b 
curve IS ot course not to be expected in thi : 3 ; be Jean 
were changing continu ally. pe s experiment since the lists to 
As had been anticipated, Subjects tended to recall immediately some or all of the 
I allast items in the order . Which these had been presented. They then recall 
isolated items from the remainder of thelist. The consequences of this can be seen 
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TABLE I 
| MEAN C-sconE FOR EACH RECALL Test IN EXPERIMENT I 


Recall tests 


t 2 | s MM ANCCHS BE 


2:86 2:97 2:77 | 1:92 | 2:28 2:40 | 2-68 | 2:43 
EE 


a 


TABLE II 4 
MEAN C-scoRE IN EXPERIMENT I FOR EacH SERIAL ORDER POSITION 


Serial order position 


order position. Although a serial order effect is very noticeable for the ballast items, 
Variance due to serial order position of the first eight items is not so marked. To 
tablish whether a bias in the proportion of items receiving each number of presen- 
tations which appeared in each serial order position could constitute an extraneous 
Variable of the type discussed above, a series of x tests was carried out. The expected 
frequency of items receiving each number of presentations in each serial order position 
Was calculated from the total number of items receiving that number of presentations. 
For example, since 9r2 items received one presentation, 114 of these are expected to 
(ccur in each of the eight serial order positions if the distribution of items is unbiased. 
The 3? values for each number of presentations are well below the significance 
level. Tt may therefore be concluded that the experimental control of this variable 
Was satisfactory. It is also felt that the secondary control of employing ballast 
tems was successful in increasing the presentation-recall interval (minimizing the 
influence of immediate memory), whilst preventing selective rehearsal in that interval. 
The probability of an item being correctly recalled (the p(C) measure) is of the 
relative frequency type. For instance, 912 items were presented once, of which 295 
Were correctly recalled. The probability of correct recall after one presentation 
ppc”) is thus taken to be 295/912, which is 0-324. The relative figures are given 
able TIT. a 
It can be seen that p(C) does not increase with increasing number of presentations 
Yan item. The rank correlation (rho) was calculated between p(C), p(Cy, etc., 
“ad the number of presentations for each subject. A positive correlation of this 
‘ype indicates that the subject in question has derived benefit from repetition of 
Hens. The mean of the sample of correlation coefficients for the 35 subjects is not 
"pected to differ significantly from zero if the group as a whole has veer ae 
E from repeated presentation of items. This mean 1s, in fact, +003, which is 
Significantly above zero. be 
at may Pn AR Poncii that the group derived no benefit from repetition 
‘items in this task. These results cannot be reconciled with an incremental account 
| arning, since this demands that p(C) increases with increasing numbers of pre- 


LJ 
Positions 9-12 are “ballast” items, explanation of which appears in the text. 
in Table II, which shows the mean number of items correctly recalled in each serial 


Utations, The constancy of p(C) for the whole group despite increasing numbers of 


E 
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presentations of an item in this task suggests that the response-learning phase of 
paired associate learning may be explained by an all-or-none hypothesis. 


TABLE Ill 


THe RELATIONSHIP IN EXPERIMENT I BETWEEN C-SCORE AND THE NUMBER OF Times 
THAT AN ITEM HAS BEEN PRESENTED 
——————————————O 


Succsssive presentations of a given item 


I 2 3 4 5 6 4 8 


Items presented — ..| 912 552 339 190 119 66 ] "35 20. 


| 
Total C-score | 295 | 167 Trg | 57 39 21 12 | 


p(C) .. "E "| 0:324 | 0:303 | 0:336 | 0-300 | 0:328 | 0:318 | 0:343 | 0:300 


It is, however, interesting to consider intragroup differences in the effect of 
repetition under these conditions. For 19 subjects a positive vio was obtained 
between p(C,), p(C,), etc. and number of presentations. The mean number of items 
correctly recalled over the eight trials for these 19 subjects was 22:53. On the other 
hand, the remaining 16 subjects (for whom a negative rho was obtained) correctly 
recalled a mean of only 17:69 items. This difference between the two groups of 
subjects is significant, (U = 83; p < 0-05), and it is tempting to hypothesize that 
under these conditions faster learners benefit from repeated presentation of items, 
whereas slower learners do not. Further evidence for this hypothesis is clearly 


required before it can be accepted with any confidence. Py 


EXPERIMENT 2 


This experiment was conducted to investigate the relationship between repeated 
presentation of items and the associative phase of paired associate learning. To 
measure the associative phase alone, it must be ensured that no response-learning 5 
involved in the experimental task. That is to say that the response items must be 
the same throughout the experiment, and that the subject must be thoroughly 
familiar with these items. 


Apparatus and Method 


A series of paired associate items was developed in which the stimulus terms were 
letters between D and Z inclusive or double fetes between DD and ZZ inclusive. 
letters I and II were omitted from this series. The response terms were the number 
2 to 9, such that numbers 2, 4, 6, 8, were employed five times and the remaining num 
six times. The response terms were randomly assigned to the stimulus items with o 
constraints: (a) Double letters (e.g. DD) should not have the same response term a 
corresponding single letter (e.g. D). (b) Double letters should not have as,@ resp 
term a number twice that which is the response term for the corresponding single let 
e The esos and response terms were stencilled onto 3 in. by 5 in. plain cards. 

je hap Bee or each card the relevant stimulus item only was stencilled. This 
piae eat eft-hand side of the card as it would have been if the response M 

Items were presented to the subject by placin ist i ch that all Gf 
were standing up behind one aret The cards Een B diidy arid only the i 
one could be seen by the subject. This in turn was concealed by a plain w ite i 
until presentation of the list started. In this way, removal of one card exposed 


the 


had 


i 
p(C) is the probability of a response term being correctly emitted on a recall test. 
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pext one to a subject. A list always comprised eight cards, and was arranged so that 
ach of the numbers between 2 and 9 occurred once as a response term in every list. 
In this way, the response terms in each list were always known to the subject. The task 
did not involve learning or "integrating'' responses, but rather it involved learning which 
response term was associated with which stimulus term. The task is therefore equivalent 
to the associative phase of paired associate learning. After each presentation of a list 
of eight cards there was a recall test during which the stimulus terms alone were presented. 
Order of presentation was varied throughout the experiment, which was terminated after 
eight presentations and eight recall tests. 

The experimental procedure was similar to that used in Experiment 1. Each pair 
correctly associated on a recall test was replaced by another pair bearing the same response 
term. During presentations of a list fhe subject was required to repeat aloud both items 
of each pair as it was exposed, and during recall tests subjécts haji to repeat aloud the 
stimulus item and, if he could, the associated number. No knowledge of results was given. 
The proceedings were recorded on tape and later transcribed. 

The time intervals employed were as follows:—Presentation of a pair—2 sec. Interval 
between pairs—nil. Before recall test—5 sec. Test presentation of stimulus item— 
ssec. After recall test—1o sec. All times were controlled by a metronome. 


Subjects and Instructions 

Thirty-four subjects took part in the experiment (four female and 30 male). All 
were students drawn from several Departments of the University. None was aware of 
the purpose of the experiment or of the manipulation of the cards until this series of 
experiments had been completed. — 

Identical instructions were read to each subject. These included details of the 
materials employed, the verbal responses required of him, the distinction between pre- 
sentations and recall tests, and the length of the experiment. Subjects were asked to 
"learn the associations between the letters and the numbers," and it was emphasized 
that each of the numbers between 2 and 9 would occur in each series of eight cards, 
although not necessarily in that order. The possibility of new cards appearing was 
described in the same manner as in the instructions for Experiment I. . 

Before the experiment commenced subjects were given one presentation and one recall 
test as practice. These employed those letters and double letters which were not used 
later, randomly assigned to the numbers 2 to 9. 


Results and Discussion 

The mean number of items correctly associated by each subject (“C-score’’) was 
21-03 (S.D. = 5-24). Mean C-score for each recall test is shown in Table IV. It 
will be seen from this Table that mean C-score on test I is markedly lower than on 
later tests, whilst C-score remains fairly constant between tests 2 and 8. 


TABLE IV 
Mean C-scorE rog Each RECALL TEST IN EXPERIMENT 2 


Recall tests 


It occási biect showed a marked predisposition to asso- 
ciat ionally happened that a sub] ct sid anse. certain subjects wosdd con- 
: rm “2” after very few presentations. 


different stimulus term with “2” as its 


MÀ 


"sponse every time this occurred. From time to time, iru ees ae 
available Uni 4 $ nU resented to these subjec je n $ A 
i insertion itae der to hold constant the length of the list. 


slightly the C-score on tests 7 and 8, since re-insertions occurred only on presen! 

and 8. 
4 The effect of repeated presentation of items on the probability of a respon 
being correctly associated is shown in Table V. The p(C) measure is on the sa 
as that used in Experiment r. It can be seen that the probability of @ 
association after one presentation ("p(GC,)") is lower than after greater numb 
presentations. p(C) does not; however, increasé regularly with increasing mus 
of presentations, as/would be predicted by an incremental hypothesis. Theg 
trend of the p(C) curve is to remain horizontal between p(C,) and p(C,). 


TABLE V 


Tux RELATIONSHIP IN EXPERIMENT 2 BETWEEN C-sCORE AND THE NUMBER OF T) 
THAT AN ITEM HAS BEEN PRESENTED 


1 | 2 | 3 4 5 6 
Items presented ..| 892 ! 557 | 312 | 179 | 103 66 
Total C-score z 265 206 | 108 57 34^ | 23 
p(O .. A «| 0:297 | 0:370 | 0:346 | 0:318 | 0-330 0-349 0405 | 


It should be noted at this point that the number of items presented for the dg 
numbers of times (say, 7 and 8) is small. This is necessarily the case in an experim 
of this kind. Therefore the values of p(C,) and p(C,) as shown in Table If 
be posu be reliable. 

.dual-factor hypothesis requires that is significantly lower than pt 
but that there is no significant increase UU rien p(C,). That the fi 
these requirements is met is evidenced by a 5 of less than o-oor for the di 


the mean of this sample and zero computed. In this case the m 
+008, which is not significantly above zero (t = 1-59). These findings cà 
reconciled with either an all-or-none or an incremental account of subjects' perfi 
on this learning task. It is felt that they suggest that the associative phase 
associative learning may be accounted for by the dual factor hypothesis (Warr, 108 


CONCLUSIONS 


It is concluded that the two hypotheses under test receive support from ther 
presented here. Insofar as it is 


Ana t is possible to generalize from the present findi 
response-'earning phase of paired-associate learning would appear to be an all 


occurrence and the associative phase would interpretati 
terms of the dual factor hypothesis. appear to be open to interp 


rr oe i ^ 
* 
LJ 


REPETITION AND TWO PHASES OF LEARNING 231 


These results are also of interest in demonstrating that the effect of repetition of 
items is not the same for all types of learning. Further experiments are needed to 
investigate the importance of repetition in differing kinds of task. And, in the 
meantime, attempts to generalize from one set of results to other learning situations 
must be treated with considerable caution, 
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TEMPORAL STRUCTURE OF 
LETTER GROUPS AND SPAN OF PERCEPTION 


BY 
J. A. MICHON 
From the Institute for Perception RVO-TNO, Soesterberg, The Netherlands 


The span of pergeptiort for letter groups depends on number of letters presented, 
length of presentation and structure of the groups. The experiment reported varied the 
temporal structure of the groups, leaving the total number of letters constant. Groups 
of 12 letters were presented as a whole or in two or more successive "units." The total 
time of presentation was 1-5 sec. In the first experiment each unit was visible until the 
next appeared, in the second experiment units were visible only during } sec., although 
intervals between successive units were kept constant. 

The following conclusions emerged: 

(a) The visual presence of units did not affect the reproduction for durations over 

0:25 sec., except in the 12-letter presentations. 

(b) 2 x 6 letters gave better results than either simultaneous presentation or other 

divisions; temporal separation was 0:75 sec. 

(c? Higher order approximations to Dutch have more influence on 3 x 4, 2 X 6 and 

I X 12 letters than on 4 x 3 and 6 x 2 letters. 


(d) A serial order effect exists: central units are reproduced less well than first and 
last units. 


. It is suggested that handling a fixed amount of information within a fixed period is 
limited on the one hand by confusion between simultaneous elements and on the other 
hand by the interaction between successive units presented too rapidly to allow for proper 
operation of immediate memory. s 


The difference between span of perception and span of memory is stressed. 


INTRODUCTION 


The number of stimuli that can be perceived together in one single glance is 
closely related to the duration of the stimuli. If this time is below about 0'I sec: 
the intensity of the stimulus plays an important role as well. Hunter and Sigler 
(1940) have demonstrated that in this case the law of Bunsen-Roscoe for visual 
impressions holds. For longer periods the so called “Span of Perception" for numerous 
classes of stimuli (e.g. dots, numbers, letters, nonsense syllables) is generally assumed 
to be rather near the “magical number 7” (Miller, 1956). Recently Fraisse and Battro 
(1960) have shown that the time of presentation is also important in longer intervals, 
up to 2:00 sec. Therefore Graham's (1951, p. 902) remark that “. . . for durations 
below about 3 sec. and with many classes of stimulus materials . . . the span of dis 
crimination is little better for long durations than for short," seems to be unjustified 
as an increase in reproduction of at least some 50 per cent. is reported for letters, 
between 0:25 sec. and 2-00 sec. by Fraisse and Battro. 

Reproduction can be improved by extrinsic structure of the stimuli.*” This has 
been found for numbers of dots and numerous other stimuli (cf. Woodworth and 
Schlosberg, 1954) and is probably valid for random letters as well, be the latter caused 
by gestalt principles, making some letters stand out more clearly, or by some Hm 
asinorum imposed upon the groups by the subject, for instance by the formation ? 
pseudo-words. It is clear anyway that "meaning" or even pronounceability increase 


* Extrinsic structure (e.g. grouping) is opposed here to intrinsic structure (e.g- meaning): 


the span enormously, because of the “gestalt structure" or “redundancy” of the new 
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ynits: in this case the subject has no need to make up an "intrinsic" structure himself. 
Already Cattell and Wundt have mentioned the effect of the formation of larger units. 
Much of what is said thus far applies not only to simultaneous stimuli, but to 
successive stimuli as well. Flashes of light, auditory “pips” (provided the rate of 
presentation is too rapid for counting), as well as called out numbers, letters, etc., 
allgive a span of some 6 or 7. Again the length of the interval is very important. 
The relation between span and time of presentation, however, is not linear, but 
a monotonic increasing function, approaching an upperdimit, both with simultaneous 
and with successive stimuli. This suggests that presentation of the same amount of 
information (e.g. a group of random ketters) in a number of separate, successive pre- 
sentations, may give a better result in reproduction than one simultaneous presenta- 
tion in the same total time. If on the other hand the successive presentations follow 
too soon after each other, perception may be impaired, because units cannot be kept 
separated from one another any more by the organism. Thus some optimal structure 
is expected to emerge. 

This will be tested in the experiment to be described. If the hypothesis is sup- 
ported, some practical conclusions can be drawn. In industrial as well as in military 
tasks (e.g. controlling, coding, plotting) closely packed messages have to be handled 
bythe operators. The density of the information determines what has been called 
the "perceptual load" of the task. If this information can be given an optimal 
temporal structure, either the perceptual load will be diminished somehow, or else 
the rate of presentation of information can be increased. This report describes two 
experiments. 


PROCEDURE 


Groups of 12 letters were presented, either as a whole for 1j sec., or in two successive 
inils of 6 letters each for } sec., or in 3 units of 4 letters ($ sec. each), 4 units of 3 letters 
sec.) or 6 units of 2 letters (1 sec. each). The complete sets of 12 letters will be called 


eld of clear perception (cf. Woodrow, 1938). The letter groups were generated in zero-, 
Ist- and E ou Bebo of de Dutch language. This gives a total of 15 
different groups of 12 letters. In order to eliminate as much as possible chance pec 
Cy of letters, which invariably will occur when short sequences are generated, t 

parallel groups were constructed for each of the 15 conditions. Of these, the groups 


nted with 45 groups of 12 letters. A sample of groups is given in Table I. 
Subjects were instructed to reproduce as well as possible the 12 ngog n Mel 
Paying attention to place and order, on a form on which the division of each group 


indicated, like for instance the 3 x 4 letters: : - Prior to the actual 


grou: i : > E UO der to make the subjects 
PS 5 trials were given with more or less redundant groups, VER group presented, un- 


limes’ in the, at trating, situation. After e . 

ted timé vas Ex DE E answers. Each of two groups of 1o bis 
Siven a different series of 45 groups of 12 letters, in almost precisely the quera 
e Cross-comparison of the results possible. The only difference was t h i TE 
Id series the way of division of the group was announced by the S Ed T. Ner 
erpa one after some comments of the subjects in the first series. No differenc ART 
feted from this procedure, because all subjects could see from their forms wha 

Vision was going to appear. 

th 1 à second experiment the same groups of letters 
St experiment. This time the difference was the 


were used as in the second series of 
length of the actual presentation of 
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TABLE I 


Some EXAMPLES OF THE I2-LETTER GROUPS (2ND SERIES) 
—————————————————— 


Approximation Division 


DLFJNGDGVYVQ 
JBLVAF GWUBZF 
LZDM JHAX PNXV 
WLJ JXH LVU WZB 
EXCEDAT UP ZL JI 


K 


o 


[2 
XXXXX 
WO OAH 


GNEWZDEONEUX 
EBIENA THDOEI 

RDOE ILTE SNTI 

NTD EOB TLE WNE 
KA SG TL ED BE EZ 


Oe WN eH 
XXXXX 
SO OH 


DOGEMODELMAK 
RUSTOR DAPPEC 
WOEN GAND ETRI 
PLA NSL IET ERD 
PR ID EN VR OD ST 


N 


e 
Ow HH 
XXXXX 
RW oH 


v 


eachunit. Instead of being visible until the appearance of the next unit (or until the end 
of 1j sec.), every unit, whatever its number of letters, was presented for only } sec. The 
remainder of the appropriate interval was left "black." With this procedure no visual 
examination of the letters was possible for more than } sec. It will be noted that the 
condition of 6 units of 2 letters (6 x 2) is identical in both experiments, as each unit 
lasted exactly 14/6 sec. = } sec. in the first experiment. 


The results were scored as follows: 
i 


Each letter reproduced accurately and in the right place: 1 point. 

Each letter reproduced accurately and shifted one place: 1 point. t 
Each group of n letters reproduced accurately and shifted one place: n— I point. 
Maximal score: 12 points. 


TABLE II 
ÁN ANALYSIS OF VARIANCE ON THE DATA OF Two INDEPENDENT REPLICATIONS OF 
EXPERIMENT I 


Source of variance d.f. m.s 2 p 
: ET. 

Replications E Ys 3E NA I 0:30 x: E 
Residual between subjects 35 oe 18 pe 
Approximations .. ihe M : . «0001 
Ways of division .. — e : nM Qu Zooo! 
Approximations x Ways. . 8 29:20 47°10 «cos 
Replications x Approximations f | ns 
Replications x Ways  .. ps Au j Bi P E 
Replications x Approximations x Ways 8 6:71 10:82 EROGO: 


Residual within subjects .. A 
ce ae TT CSE Ael 
Total .. ss 299 


In each of the two series of the first experiment and in the second experiment 10 subjects 
took part. All were male and had at least graduated from secondary school. About half 
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the subjects were co-workers of the Institute for Perception, Soesterberg, The Netherlands, 


the others were ratings of the Royal Dutch Airforce. 


order to see whether the results showed sufficient agreement to be combined and 
presented as they are in Figure r. Therefore an analysis of variance was carried out 
on both sets of data. A summary of this analysis is given in Table II. 

We see that by far the greatest part of the non-error variance is accounted for 
by the experimental variables (Approximations and Ways of division of the groups) 
and their interaction. On the whole no difference between the outcome of the two 
experiments is found, although some slight discrepancies between single groups exist. 

| Together these account only for about 1 per cent. of the total variance, and they will 


€ therefore be; neglected. 
LJ 
TABLE III 
AVERAGE REPRODUCTION OUT OF I2 LETTERS FOR DIFFERENT APPROXIMATIONS 


RESULTS 
Experiment I 
First of all, a comparison was made between the two series of Experiment I, in 


Approximation 


€ 
Average reproduced 4°74 7°31 9:82 


In Table III the average reproduction per group of 12 letters is given for the three 
‘pproximations. The differences are significant at the 1 per cent. level. (The 
1 per cent. critical value being equal to 098.) The influence of different ways of 
division on the reproduction is shown in Figure 1, for all three approximations 
“parately. 

From comparison it will be clear that the higher order approximations are more 
Profitable for the longer units, 3 X 4, 2 X 6 and x x 12 letters being reproduced 

most perfectly in the second order approximation. The effect is obviously caused 
Y the higher intrinsic structure, which enables grouping to take place easier. The 
Kason why the effect is much smaller in the 4 x 3 and 6 x 2 letter groups may be 
that the recording into new “chunks” (sensu Miller, 1956), which is made possible 
the higher redundancy, is limited by the actual number of letters per unit, while 
M the other hand redundancy will be less recognizable in short units. Itis significant 
M this respect that in no instance subjects have connected successive units and inte- 
ES them into larger “chunks,” which invariably happens if successive strings of 
le letters are presented (as in spelling). i 
econdly it A mi that i eee some units would be perceived more 
dearly at the cost of others. To see whether this was actually the case, a further 
Ens Was carried out on the results of the second series of 12-letter groups. The 
rome is presented in Figure 2. j i 
en ie than two inis are presented, the central units appear to be bh 
fected, and the more a unit is surrounded by others, the more gravely it is affected. 
* effect seems to be equivalent to the serial order effect in experiments on the 


EC of simultaneously presented letter groups. 
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À FIGURE ı j 
Number of letters out of 12 reproduced, as a function of approximation (intrinse 


structure) and temporal (external) structure. Total time of presentation per group: 
1} sec. Time per unit = } sec. x number of letters per unit. 5 per cent. critical valet 
of significant difference: Waos = 0°85 (20 subjects). 
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p [i 
Proportion reproduced per unit as a function of number of units and of order 


presentation. (Data of Experiment I, 2nd series; ro subjects.) 

A third conclusion emerging is that larger units give better reproduction, with 
a turning point at 2 x 6 letters. For this there are two possibilities. Either © 
time of presentation is too short for identification of sufficient letters in the c 
3 X 4, 4 X 3 and 6 x2 letters but this appears to be unlikely under the condit! 
of this experiment, or the successive units interfere with each other because te 
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to close together in time. An incoming stimulus might be interfered with, when 
a «cond stimulus is presented within a period of o's sec. or less, before it can be 
sored correctly in memory, or be handled in some other way (reaction). The 
reproduction of 2 X 6 is close to the maximal span, so that interference cannot have 
mach influence beyond 0:5 to 0-7 sec. Thus the question arose whether reproduction 
will be affected when the longer units are present only for a short time while the 
interval between two successive units is not altered. Stated in other words: are the 
differences in reproduction as found in the present experiment determined by differ- 
ences in visual duration? To answer this question Experiment II has been carried 
out. 5 t 


Experiment 11 

This experiment differed in only one respect from the second series of the first 
experiment. All units were presented for } sec. only, irrespective of their lengths. 
The rest of the appropriate intervals was left blank, so that the total time elapsing 
before repreduction was still 14 sec The results of Experiment II are presented in 
Figure 3. If we compare this diagram with Figure 1, it will be clear that fhey show 


8 2 - Approx 


Number of letters reproduced ——*— 
~ 


5 I+ Approx 

4 

3 Random 

2 

| 

0 MME remo ofS 9: 40. Uta 
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FIGURE 3 


Average reproduction of letters per unit as a function of approximation and of number 
of letters Per unit. Total time of presentation 1j sec. Time per unit erts be grid 
length. 5 per cent. critical value of significant differences: Woes = 1°3 , 


Close resemblance except for the reproduction of the x 12 letter groups. Table IV 
demonstrates this pis even more clearly. It summarizes an analysis k hc ud 
*d out on the results of the second series Vas oninia 2 "P de presen 
ent, with and without taking the I X 12 letter groups i 4 
* results of both experiments can be considered as identical, except id pe 
TX T2 letter groups. This outcome permits the following conclusions: if we y ce the 
Teal Presentation time shorter, then the amount reproduced is not affected in Bis 
fom 2 X 6 to 6 x 2 letters. Obviously a presentation of only } sec. per unit is 
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sufficient in units up to 6 letters for the perception of all information which can be 
handled in the whole interval of 1j sec. The rest of the interval is therefore only 
important for stabilization of the perceptual processes. This is the limiting factor 


TABLE IV 
ANALYSIS OF VARIANCE ON THE RESULTS OF EXPERIMENTS I (2ND SERIES) AND II. The 
Finsr PART GIVES A SUMMARY OF THE COMPLETE ANALYSIS; IN THE SECOND HALF Tit 
CONTRIBUTION OF I X I2 GROUPS IS TAKEN OUT 
———————————————————— 
- , Complete | Partial 


Sowrce of variance m.s. F m.s. 


A 
> 


Duration units .. or 

Residual between subjects 

A ximations. . ae 
ays of difference 


28-00 T'oo** 1-00 

4°00 3°94 
561-50 398:23* | 445:00 386:96* 
216-75 I53:72* | 211-25 | 


N OF N OE M DH 


Approximations x Ways ae 27°50 I9:50* | 26°38 22:94* 
Duration X A ximations .. 2:50 r77 | 209 | BM 
Duration x Ways s Ld $3 40:50 28:72* | 225 | 196 
Duration x Approximations x Ways 787 5:85**| 1-63 | r4 
Residual within subjects T | 25 Iur |^ troai 

"Total «| 299 


**p<oor * p «ooor. 


in the reproduction of the small units in rapid succession. Again the 1 x 12 letters 
are the one exception. Obviously the long presentation enables a larger number of 
letters out of 12 to be perceived, a finding in agreement with Fraisse and Battra 
(1960), as is shown in Table V. l 


TABLE V 


REPRODUCTION OUT OF 12 LETTERS PRESENTED SIMULTANEOUSLY DURING DIFFERENT 
INTERVALS 


Presentation time 


Fraisse and Battro “16 T 
Michon sg Ba $2 ig 


Discussion 


The present experiment has answered to some extent the initial question. Unds 
favourable circumstances the presentation in successive units of a quantity of infor 
mation can improve the t 
simultaneous presentation. 

Gates (1916) has found that stimuli which do not exceed in number E 
span of perception, lead to the reproduction of more letters than larger numb 
of stimuli. This fact has found confirmation by Fraisse and Battro (1960): 
authors state that “les éléments se différencient moins quand ils sont trop nombre, 
pour étre tous percus" (p. 302). Crossman (1955) has introduced the concept ? 


ransmission, ie. reproduction, in comparison to ™ 


ł sec. (Exp. IT) 1} sec. (Exp. 1,2) 


a 


$ 
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usion between stimuli differing in some attributive dimension like length, bright- 
or colour (cf. Welford (1960) for a critical review). We can conceive of “con- 
n as a measure of the interference between the perceptual processes, and 
mefore massed simultaneous presentation may be expressed in terms of Confusion 
alse, as was implicitly suggested by Fraisse and Battro (1960), because of inter- 
"nce between neighbouring letters (cf. also Woodrow, (1938). 
The results with respect to the 1 x 12 and 2 x 6 letter groups are in accordance 
h the expectations, 2 x 6 even being quite near the span generally reported as 
imal (cf. Woodworth and Schlosberg, 1954). Although units of 4, 3 and 2 letters 
easier to reproduce (a groups of 4 letters can be perceived without errors if the 
tation time is o-r sec. or less), they lag behind the expected values in the 
ment experiment. Data on interference of successive visual stimuli other than in 
iple reaction tasks are rare. Some observations of Sperling (1960) and Averbach 
fed Sperling (1961) are relevant in this respect. They found that within a short 
miod after visual presentation of letter groups subjects have more information 
able than they are able to reproduce—a datum which was reported introspec- 
Mively by some of the subjects in the present experiment as well. Averbach and 
Sperling found also that successive stimuli can erase previous ones. This might offer 
basis for our interference-effect with successive letter groups. One objection to 
tis interpretation is that interference with earlier groups by later groups will mot 
plain the serial position effect in Figure 2. 

Some data in this field are given by Calabresi (1930). This author has found that 
Mo successive four letter groups have to be separated at least 0-75 sec. in order to 
maximal reproduction, a result in agreement with our own findings. The closer 

ive stimuli are together, the heavier the interaction. Both the serial order 
found and the diminished reproduction at shorter unit-intervals are consistent 
the one channel hypothesis of human information handling, and also with 
*toadbent’s (1958) concept of immediate memory and rehearsal, as we can think of 
S smaller (fast) unit entering into the storage system before complete rehearsal of 
Previous unit(s) has taken place. The larger units will have had ample 
portunity for rehearsal before new units enter into the system. : has 
So in fact we find that handling a fixed amount of information within a fixed 
Mod is caught between the Scylla of confusion between simultaneously presented 
ments, and the Charybdis of interference between successive units, packed 2d 
1 —y in time to allow for proper operation of immediate memory. It is conceivable 
at the incompatibility of information content and discriminability (Crossman) 8 
tt the same as that between span of memory and span of perception (Fraisse Xa 

55 (1956)). Subsequent experiments will be systematically controlled in this 
“pect, by varying information content and discriminability independently. 
ae we reach the following conclusions: rs 7. 
7) Temporal structuring will be advantageous when the complete messag 
exceeds the amount E information which can be extracted Pint smk 
taneous presentation (i.e. span of perception) without filling e aW nes 
of memory, When the latter has been filled, time shoud, be RTE 
further handling of its contents. Otherwise no further gain in rep 
can be expected. ub leds do tha 
0) The advantages of temporal structuring tend to be lost if Ho Ped d 
. Parts succeeding on another by an interval of less than some 0*5 ee 

At shorter intervals the proper functioning of short term memory 

to be seriously affected. 
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EFFECTS OF VARIATION IN THE WARNING SIGNAL 
ON REACTION TIMES OF SEVERE SUBNORMALS 


BY 
BEATE HERMELIN 


From the Medical Research Council, Social Psychiatry Research Unit, Institute of 
Psychiatry, Maudsley Hospital, London, S.E.5 _ 


Reaction times of normal and subnormal subjects were compared, when a warning 
stimulus varied in modality as well as in its temporal relation to the RT signal, When 
the warning stimulus was in a different modality from the RT signal, reaction times were 
shorter than when both were in the same modality. Mongols, in contrast to the other 
subjects, responded relatively faster to light than to sound. 

The effect of varying the time interval between warning and signal was linearly related 
$ response speed. The results are discussed in respect to the comparative alerting 


fects of temporal relations between stimuli and their different modalities, r 


INTRODUCTION 


Experiments on reaction time in which mentally deficient subjects are studied, 
tonsistently show a significant positive relationship between response speed and Í.Q. 
Although there has been some analysis of this relationship (Annett, 1957; Berkson, 
1960, I, II, III), the mechanisms involved are by no means clear. 
In most reaction time procedures, a warning stimulus is presented to the subject 
Prior to the onset of a signal to which he is asked to react. The warning seems to 
have the function of alerting the subject so that he is ready to respond to the signal 
When it appears. r 
here is some evidence, at any rate as far as physiological responses are concerned, 
that the mentally subnormal do not respond as much and for as long to short duration 
Jimuli as normals. In three studies of the galvanic skin response the subnormal 
groups showed smaller amplitudes of response to brief visual and verbal stimuli, than 
normal controls (Colman, 1931; 1959; Berkson, Hermelin and O’Connor, 1961). 
Alpha blocking after a light flash lasted for a shorter period in subnormals than in 
formals (Berkson, Hermelin and O'Connor, 1961). From these findings one may 
"pect that a warning stimulus would alert subnormals less effectively and for a 
shorter Period than normals, and that thereafter with increasing temporal separation 
E. een warning and RT signal, performance would deteriorate more rapidly in the 
normals, š a 
Response Speed in subnormals may also be affected by the respective modalities 
3 Watning stimulus and reaction time signals. These subjects tend to have impaired 
bef ination ability, and differences between stimuli usually need to be v ree 
x. hey are perceived (Hermelin and O'Connor, 1960; O'Connor and irse 
11). One may therefore expect some degree of uncertainty and longer reacti 
55 when warning and signal are in the same modality than when they differ. 


; EXPERIMENT I 
Subjects 


ot i i institutionalized severely retarded male 
i Jects in th ent were 14 institutionalize 

T and 14 Honea the institation staff. The patients’ I.Q.s D ugue rs 5 
Tange fact of 46. They were a clinically VADE as Re Eod logi a eee 
Lond 18 to 30 years with no significant difference 


OOO ————————— ————— ——— 
Q--—— ping — 
g 
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Apparatus 


The stimuli were mounted on a 36 in. by 24 in. vertical masonite screen, piat 

a table in front of which the subject sat. A sound warning stimulus was a 400 ¢ 
8o db., pure tone, emitted from a loudspeaker behind the screen. A warning light 
seen through a circle 2 in. in diameter, placed 6 in. above the reaction time light 
which in turn was seen through another 2-in. circle in the centre of the screen, Brig 
of the warning light was matched in intensity with the warning sound according ta 
scale developed by Stevens and Galanter (1957). The brightness of the centre of the 
ing light was 1-2 log ft. lamberts and of the signal light 1-8 log ft. lamberts. 
A second rectangle of a Call 12 in. by 15 in. lay ina frame on the table. A cadi 
sulphide photosensitive cell (Mullard ORP 90) was mounted under a o-2-in. hole ia 
centre of the maschite, dnd a light beam from a bulb mounted on top of the m 
shone through the hole on to the photocell. When the subject's ninger was on the 
and this beam was interrupted, it was possible for the experimenter to begin a M 
re rome This sequence consisted of the warning stimulus presented for 02$ 
after a variable interval by the signal light. The signal light was turned 

when the subject lifted his finger and the beam once again shone through the hole on 
photocell. length of time the signal light was on was measured in 1/100 sec, um 
a decade interval electronic clock and constituted the reaction time. 


Procedure 


The subject was seated approximately 24 in. in front of the vertical screen inad 
room. One v» Sawer ee remained in the room with the subject seated behind 
his that he could observe the subject without himself being seen. This first €x 
operated a switch which initiated trials and he also read the reaction times 4 


the immediately previous trial. All the subjects were given the shilling after the & 


The reaction time data were analysed with regard to (a) modality of the wam 
stimulus; (b) order, i.e. the first vs. the second half of E pummel (c) wa 
signal interval, and () LO. The basic datum of the analysis was the median 0e 
ten trials for each subject under each condition. A graph of the means of @ 
medians is presented in Figure 1. t 

The reaction times are all rather long, even thosé of the normals. Howev® 
subjects were untrained and were tested under conditions of long periods of UE 
tainty. Also, the stimulus light was of relatively low intensity. This may © ^ 
the unusually slow responses. 

A separate analysis of modality and order effects was made for the norm" 
for the subnormal group. This showed, that with sound and light matches 


^ 
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qatensity by Stevens and Galanter's scale (1957), for both groups the sound warming 
i relatively faster reaction times than did the light warming (Normals: 
op p = voor, Subnormals; F = 19°59, $ = ooor) In addition, there 
was no significant order effect for the normals, but the subnormals responded more 
"qukkly in the first half of the experiment than in the second half (F = 17-12, 
fe 07005) 


R.T. millisec 


3» 
OEE 40 10 
0305 Time interval 


FIGURE 1 
Median of trials 


_ Analyses of the effects of warning-signal interval showed no significant interactions 
Mith Modality or Order. The padece collapsed over Order and Modality 
àid an analysis was performed to test the effects of Interval and of LQ. For this 

ysis the medians were transformed to logarithms as the inclusion of both normal 

and subnormal raw data produced heterogeneous variances. The analysis roe 

Strated a significant interaction of Interval and LQ. (F = 5:33, ^ < 0°00). aa 
f simple effects showed that the normals were faster than the subnormals at | 

E but this difference increased significantly with the progressive lengthening 

warning-signal interval. ar 

These Radin ea to raise more questions than they answered. a = 
Patients were an aetiologically and clinically heterogeneous group sharing intelligen 


to short duration stimuli. The first question 
RU Some imbeciles had contributed to the effects of a longer forewarning period on 


» 
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Secondly the experiment raised the question whether the faster RTs in "sound. 
light" as compared with "light-light" conditions were due to some cross modality 
effects, such as had been found in previous studies (Hermelin and O'Connor, 195; 
O'Connor and Hermelin, 1961). Alternatively they could be attributed to stable 
characteristics of the two modalities, and an auditory warning may have been more 
alerting than a visual. It was decided therefore to carry out another experiment. 


EXPERIMENT II 


In this experiment the RTs of mongol, epileptic and undifferentiated imbeciles 
under conditions of (a) light warning and light RT signal (LL), (b) sound warning 
and light signal (SL), (c) sound warning and sound signal (SS), and (4) light warning 
and sound signal (LS) were compared. As in the previously mentioned study the 
time intervals between warning stimulus and RT signal were varied randomly. 


Subjects 


Twelve severely subnormal patients took part in the second experiment. They were 
aged between 18 and 25 years with I.O.s ranging from 35 to 48, mean I.Q. 43. Three 
subgroups of four patients each, matched for age and 1.Q. were formed. The first con- 
tained four patients for whom no definite clinical diagnoses, apart from that of severe 
subnormality, had been established. Four mongol patients formed the second group and 
four epileptics the third. The epileptics had all had major seizures in the year prior to 
the experiment. All four were given twice daily doses of } to 11 gr. of phenytoin and 
phenobarbitone. 


Apparatus 


The warning and signal tones were programmed on separate channels on magnetic 
tape. Thesound warning and signal were simply these tones played through loudspeakers. 
Sound operated relays, connected to the tape amplifiers, were used to operate warning 
stimulus lights to the same programme. The sound relay on the stimulus channel also 
started the timer. This was a decade counter counting pulses at 100 per sec. To ensure 
that the warning and stimulus lights had achieved 80 per cent. of maximum brightness 
within 10 millisec. of switching on, a circuit similar to that of Carpenter and Leonard 
(1960) was used. " 

, Ihe visual warning was the uniform lighting up of a wall in front of the subject. wis 
noise was used for auditory warning. RT signals were a pure tone and an illuminat 
circle 2 in. in diameter mounted on a vertical masonite screen. The intensity of sound an 
light was matched according to Stevens and Galanter's Scale (1957). Brightness of 
warning light was 3:3 ft. lamberts and that of the signal light 63 ft. lamberts. The 
corresponding sound intensities were 72 and 80 db. respectively. Warning stimuli wa 
presented for 0:25 sec., followed by a variable interval and the RT signal. Ten secos 


after a response the next warning was given. The subject's response was the same asin 
Experiment I. 


Procedure 


All subjects were tested under all conditions and a total of 200 RTs was recorded d 
each patient. The warning-RT intervals used were: o- 5, 2:0, 4:0, 8-0 and 16:0 366. cong 
time interval occurred ro times under each condition. The intervals were rendo 
Pis 50 trials with the restriction that each was presented twice in a block of 10 c 
Se er of condition, Le. light-light, sound-light, sound-sound and light-sound, was err 

tween subjects according to a Latin Square design. Trials were carried QUEE Id 
Sessions, one for each condition. At the beginning of each session the subject w35 b: 


what to expect. Ten practice trials were then given. The same incentives pora 
previous experiment were used. 


Results 
. RTS were on the whole shorter than those in the previous experiment. E. 
difference was probably due to the higher intensities of the signals in the second stu 


The basis of analysis was the median of 10 trials for each subject under each conditi? 


o 


| EFFECTS OF WARNING SIGNAL ON REACTION TIME 245 


The means of these medians for groups, conditions and time 


| 
Time intervals Conditions | Epileptics Imbeciles | Mongols 


ae 43 ae uu oW 

ia sec IST 32 FO 42 
| SS 35 *46 € 43 

SL j 34 


| LL 41 42 | 

2 sec. | LS 33 Í 38 | 
SS 31 38 | 42 

SL 36 39 | 

| 


LL 41 42 43 
4 sec. LS 30 34 *43 


sons | LS 30 41 45 


and time interval. 
intervals are given in Table I. 
TABLE I 
MEANS OF MEDIAN RT iN HUNDREDTHS OF A SECOND 
TEE 


Separate analyses of variance were carried out for each group on the effect of time 


intervals and conditions. The results are shown in Table II. 


TABLE I 
RESULTS or ANALYSES OF VARIANCE FOR TIME INTERVALS AND CONDITIONS 


Other imbeciles 
MS |VR| f? 


Epileptics 


Source d.f.| MS |VR| p 


Between intervals Es 76:57 NS. 
Ithin squares: 
etween subjects 15 | 556:32 
Be een orders 15 |3105:82 
Bur) conditions 3 | 45758 |772 o'oo1 
Rep eiPconditions .. r2 | 35555 N.S 
ee 30 | 66-74 


0-001 
0°05 


ditions was found in the epileptics. 


A highly signi f a 
y significant difference between co f 1 
These subjects reacted relatively faster to sound than to light signals when these 


Were matched i i the modality of the warning stimulus. 
for intensity, regardless of the modallty | ps 
The RTs did not vary mee for different warning-signal time intervals. 
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The undifferentiated imbeciles also reacted faster to sound than to light. Ty 
addition, RTs were significantly faster when a sound signal was preceded by a visual | 
than by an auditory warning. The effect of modality of warning stimulus before 
a light signal approached but did not reach statistical significance. There were ge 
significant effects of time intervals on RT. 

The mongols, in contrast to the other two groups, reacted faster to the light thas 
to the sound signal. The slowness in response to sound was particularly marked 
when both warning and RT signal were in the auditory modality. Visual warning 
before an auditory signal resulted in significantly faster RT. In visual RTs, faster 
responses were obtained when the light was preceded by a sound warning, than when 
light was used for the warning and for the signal. Thus mongols responded faster 
when warning stimulus and RT signal were in a different than when they were in 
the same modality. 

The mongols also showed a significant effect of time intervals on RT. They 
reacted fastest when the warning preceded the signal by 2 or 4 sec. and slowest toa 
signal 8 or 16 sec. after the warning. With a short forewarning period of 0*5 sèc 
the RTs were significantly slower than after a 2 or 4 sec. and significantly faster 
than after an 8 or 16 sec. interval. 

There was a significant interaction between conditions and time interval in the 
mongol group. This seems to be due to the fact that under conditions of visual 
warning and visual signal an interval of 0-5 sec. results in the longest RTs, while 
RTs after 16 sec. were considerably shorter than after an 8 sec. time interval. 

The longest reaction times in these experiments had tended to be given undet 
conditions of a warning-signal interval of 16 sec. Therefore RTs at 16 sec. interval 
formed the basis for a comparison between general response speed and decrease i 
RT with decreasing warning-signal intervals. 


TABLE III j 
VALUES FOR REGRESSION LINES 
x = RT 16 sec. 
y = diff. RT 16 sec.-o:5 sec. = 
y’ = 0°65 X — 19:6 
oy'X = 6:5 
x = RT 16sec. 
y = diff. RT 16-2 sec. = 
y’ = 064 x — 22:3 
oy.X = 3'9 
x = RT 16 sec. 
y = diff. RT 16-4 sec. 
y’ = 0°63 x — 22:98 
oy.x = 48 
x = RT 16 sec. 
y = diff. RT 16 sec.-8 sec. 
Y 2040 x —15 
oy.X = 0:62 


Significant correlations between long RTs at 16 sec. time interval, and incr? 
EM with decreasing this interval were found for all subjects. Independent 2. 
cies varying the time intervals had about the same effect on all groups, pie ` 

ey had similar reaction times at the longest warning-signal interval. 
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| lines were calculated, relating RT at 16 sec. time intervals to RT 16- 
|4andS8sec. Values of their slopes and intercept values are given in Table 
ie available normal data from the first experiment was included in this 


he regression lines relating RT 16 sec. to RT 16-0:5, 2 and 4 sec. did not differ 
intly, the data for these time intervals was combined and a mean regression 
ed. This is illustrated in Figure 2. 


our 


o 
$ 


RT 16 sec. minus X RT 055, 20, 40 sec 
E » 
2 


ow 05 Ow os ow os om o v?» on +w 
RT 16 sec. 


FIGURE 2 
Regression line and standard error of y as estimated from x 


would expect the effect of RT 16 sec. and the difference between RT 16- 
less marked though a significant relationship persisted. 


Discussion 

i i i relative alerting 
ght be argued that in order to draw conclusions about the l c 

different stimuli and warning-signal intervals, RTs uie Nec Co — 

ve been compared with those obtained when no warning was given. 


order to equate procedures and panas cin sac reru 


stimulus and response T j > $ 
n within a period at which arousal from a ee v Sine 
hus acting as a warning. In other instances the arousal effect 


3 i ext one was presented. In 
and response would have subsided before the n ede dame dT 


i E : i Ts 
ircumstances conditions of visual and auditory RTs v it 

een similar to those obtained under light warning-light €: £z xe 
2-sound signal conditions. Therefore data of RTs taken under no warnin 


s have b mitted. j 
e first ane differences in RT of normals and ee aa 
time interval between warni à 


> 
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The regression analysis of Experiment II suggests that this differential increment js 
not independent of the general level of a subject’s RT. That is, the factors involved 
in the increasing separation between the groups may be similar to those differentiating 
the groups even on the shortest warning-signal intervals. 

A previous experiment (Berkson, 1960) has suggested that normal and subnormal 
subjects differ, not so much in receptive or “judgmental” functions in a RT task, 
but in the speed of organizing and/or performing the response. The present experi- 
ments are consistent with the interpretation that relative to normals, mentally 
deficient patients also have a difficulty-in maintaining a set to perform a particular 
response. Whether this is because responses are not as well organized in the'sub- 
normals at any interval or whether response sets are more readily interfered with 
over time (or both) remains undetermined. However, the substantial differences in 
group RT, when the warning-signal interval was minimal, would tend to support the 
first mentioned possibility. 

The second experiment makes it clear that I.Q., by itself, does not adequately 
define the differences between the normal and subnormal groups. Mongols behave 
differently from other imbeciles of the same I.Q. in many tasks (see also Berkson, 
Hermelin and O'Connor, 1961; O'Connor and Hermelin, 1963). This points to the 
need for more precise definition of etiological groups in mental deficiency research. 

The extreme slowness of the mongols, which has also been found by Berkson 
(1960), may be related to the fact that in contrast to the other subjects they responded 
relatively faster to light than to sound. This may indicate a generally low state of 
arousal, Venables and O'Connor (1959) reported shorter visual than auditory RTs 
in the slowest of their Schizophrenic subjects. As there is more evidence for the 
effects of hypothalamic reticular discharges on the auditory than on the visual system 
(Bernhaut, Gellhorn and Rasmussen, 1952; Gellhorn, 1954; French, 1957; Lindsley, 
1957) Venables has suggested that the relative performance of subjects in either 
ded or visual modalities may be a measure of their level of total non-specific 
arousal. 

The first experiment showed that visual RTs were shorter when the preceding 
warning stimulus was a sound, than when it was a light. From the second experiment 
it seems that when such effects occur they must be regarded as a function of having 
warning and reaction time stimuli in different modalities, rather than as a stable 
effect of the two modalities. If the latter were the case, the mongols, as they gv 
shorter visual than auditory RTs, would be expected to react faster to a light when it 
Was preceded by a visual than by an auditory warning. Actually the reverse is the 
case. Conversely the undifferentiated imbeciles should give the shortest RTs under 
sound-sound conditions. In fact Tesponses are fastest when a light warning is given 
before a sound signal. However, the mechanisms which give rise to these cros 
modality effects are by no means clear, and further experiments are needed. 

I am : : $ i s of 
St. Tides Homil [oca Medical Superintendent, and Dr. B. W. Richard 


m io pte m : xperiment. 
apparatus was designed and built by Mr. EE Teu. Soc 


Research Unit, Maudsley Hospital. 
Dr. G. Berkson collaborated in the first study. 


Eric Sayer, Senior Technician, Social Psychiatry 
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DIMENSIONS IN THE RAT 
BY 
N. J. MACKINTOSH 
From the Institute of Experimental Psychology, University of Oxford 


Although reversql learhing in the rat is normally assisted by overtraining, it seems 
that transfer to a new discrimination in a different stimulus dimension is not. This 
effect is confirmed in the present experiment, even though the stimuli of the second problem 
had been present (and necessarily attended to) in the first problem. This result is taken 
to show that the effects of overtraining cannot be accounted for by supposing that it 
strengthens an overt orienting response of the animal. A second group of rats was run 
to show that transfer to a second discrimination problem within the same dimension as 
the first is facilitated by overtraining. The important variable, therefore, that determines 
the direction of the effect of overtraining on transfer between problems, is the,relationship — 
between the stimulus dimensions concerned. 


INTRODUCTION 


OVERTRAINING AND TRANSFER WITHIN AND BETWEEN 

The learning of the reversal of a brightness discrimination by rats is facilitated if 
the animals have been overtrained on the original discrimination (Reid, 1953; P ubols, 
1956). One way of deciding between various explanations of this finding is to stt 
whether overtraining also facilitates transfer to an entirely different discrimination 
problem. Brookshire et al. (1961) found that overtraining in this situation made m — 
difference to the speed of learning the second problem, while the present author ^ 
(Mackintosh, 1962) found that it actually hindered such transfer learning. A possible 
explanation of this discrepancy will be discussed later; it is at any rate clear, that 
overtraining does not assist transfer learning and this is incompatible with a numbet 
of theories of the overtraining-reversal effect (e.g. the application of Harlow's Error 
Factor theory (Harlow, 1959) and the suggestion that overtraining assists reve 
because it reduces resistance to extinction (Capaldi and Stevenson, 1957). E 
alternative explanation offered by both Reid and Pubols is that overtraining 
strengthens a “response of discriminating” which has the effect of isolating the see 
vant stimuli for the rat, thus ensuring that responses during reversal will still be 
controlled by these relevant stimuli. The predictions that follow from this account x 
depend on further definition. Pubols seems to equate the response of discriminating 
with an overt orienting response: here the isolation of the relevant stimuli will mea? 
that the rat is looking at the physical stimulus objects (and not at other parts oe 
apparatus); thus, provided the stimuli of the second discrimination problem ate » 
the same place as the stimuli of the first, the strengthening of the orienting respons? 
with overtraining should presumably result in faster transfer learning. This pr 

t be absolutely rigorous, but becomes so if the two discrimina 

problems actually involve the same stimulus objects: this is achieved in the pres 
experiment by training rats on an orientation discrimination between a square ah 
a diamond: on half the trials both shapes are white, on the other half both are bla a 
The test problem is a brightness discrimination between the black and the W t 
square. Since the test stimuli were present during training, it clearly follows t 
the more firmly a response of orienting towards these stimuli has been established, 
faster should the test discrimination be learnt. 


S. ? NU 
However, it is possible that bya discriminating response is meant the isolation ? 


diction may no 
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a relevant stimulus dimension, and it is this interpretation that Brookshire ¢ al. 
ascribe to Reid. Alternative formulations have been suggested by Goodwin and 
Lawrence (1955), and Sutherland (1959). If overtraining strengthens the isolation 
ofa particular stimulus dimension, transfer to a new problem in a new dimension will 
be hindered by initial overtraining—regardless of the relationship between the 
physical stimulus objects in the two problems: thus even in the situation described 
above, the opposite prediction to that following from the orienting response theory 
will be made, and a test between the two theories becomes possible. 

On the second theory, the feature of a reversal learning situation that accounts for 
the facilitating effect of overtraining, is that the initial problem and the reversal are 
two discriminations in the same stimulus dimension. There is in fact no evidence 
besides that coming from reversal learning to support the statement that transfer 
within a dimension is influenced by overtraining, and the second purpose of the 
present experiment is to investigate this point. Such an effect will not of course be 
found if the second problem is soluble simply on the basis of what has been learnt in 
the first: in other words the rats must begin the second problem without having 
preferences between the stimuli of this problem established by initial training. This 
tan probably be achieved if the second problem is a simple brightness discrimination 
between a black and a white square, while the first problem is an absolute brightness 
discrimination between black or white versus grey: if both (or neither) black and white 
are rewarded, then the responses attached to the stimuli during initial training will 
have no relevance to the second problem, but isolation of the brightness dimension 
E be of relevance: the more this is learnt the faster the, second discrimination will 

solved. 

The two groups so far described may also be compared with one another in their 
Performance on the second problem, and this comparison provides another test 
between the two theories of the discriminating response. If it is stimulus dimensions 
that are isolated, then the group trained initially on the absolute brightness discrimi- 
nation should (since for them both problems are soluble in terms of the same dimen- 
sion) learn the second discrimination faster than the group trained initially on the 
Squares and diamonds discrimination. The concept of the overt orienting response, 
however, provides no such grounds for differentiating the two groups, since they have 
E had the advantage of having been trained to look at the appropriate stimulus 

ects, 


; METHOD 
Experimenta] design MAE 
There were two main experimental groups: Group I (16 subjects) was trained during 
Stage I to discriminate peed a ps Rue and a black or white square; Group II 
(6 subjects) was trained during Stage I to discriminate between black or white squares 
Sw black or white diamonds (on any one trial both shapes were of the same cR 
‘thin each group half the subjects (subgroups Ia and IIa) were trained gd cé: a 4 
«M White squares positive, and the other half (subgroups Ib and IIb) with wet : et nt d 
a ne eqnares negative. All subjects were e initially, ue ue i haart M ritus 
er 140 overtraining trials. During Stage 2 af su ` itive, half 
‘tween the bla ite squares, half being trained with black positive, 
Th white positive. HER E 2 E 2 x 2 factorial design was used with o vieil 
Pet cell, and the factors were: dimension, positive stimulus and number of trials during 


* 1, and positive stimulus during Stage 2. 


Subjects 


j 1 i thecolony maintained 
à The Subjects were 32 experimentally naive male hooded rats Somes Se ay? Tem 


a : 
: iud Institute of Experimental Psychology, Oxford. They were 
ng of the experiment. 


uu ———————.————————————————— — 
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Apparatus and pretraining 


A modified Lashley jumping stand was used. The jumping platform was Y-shaped 
and each arm faced one of the two stimulus windows; these were set at an angle of 130 
degrees and separated by a partition, Landing platforms were fixed below each window 
onto which the subject jumped when making a response. The stimulus doors (15 em 
were made of brown hardboard, and the stimuli of opaque black, white, or grey perspex, 
} in. thick. All stimuli were squares of side 6-5 cm. and were glued centrally to the doors 

The subjects were put on a 1j hr. feeding schedule, and pretrained on the apparatus 
for 7 days, for 2 days being given their entire daily food ration on the feeding platform 
behind the windows, and allowed to explore; for the remaining 5 days being trained to 
jump gradually increasing distances, at first to open windows, and finally to blank hand- 
board doors. For further letails of the apparatus and pretraining procedures, v. Mackin- 
tosh (1963a). ? 


Training 


Stage 1. Subjects were run 1o trials a day for 14 days by a modified correction pro- 
cedure. If they jumped to the correct door, they could push it open and run through to 
the food bowl behind, where they were allowed to eat for 20 sec. After an incorrect 
response, they found the door locked and were detained on the landing platform for ro sec. 
They were then replaced on the jumping platform and allowed to jump again. A trial 
continued until a correct response was made. No punishment was given for incorrect 
responses. The inter-trial interval, during which they were kept in individual detention 
cages, was 6-8 min. They were fed for 13 hr. in their home cages after their daily trials. 
The positive and negative stimuli were changed from side to side according to selected 
random orders. A second random order determined whether black or white stimuli 
should be used on any one trial (for Group I, whether the grey square should be paired 
with the black or the white square, and for Group II whether both square and diamond 
should be black or white). Within each day’s trials the positive and negative appeared 
equally often on either side, and black and white stimuli were used five times each. 


Overtraining. Eight subjects in each group were given 140 overtraining trials, the 
procedure being exactly the same as that described above. 


Stage 2. 


The procedure was the same as fo xcept that a non-correction 
mood ef P r Stage r, excep 


1 training was employed. After an incorrect response, subjects were left on the 
landing platform for ro sec. and returned to their detention cage. They were trained t 
a criterion of 18 correct responses over any 20 trials, with the last 1o all correct. 


RESULTS 
1 The results are shown in Table I. For simplicity, the results for subjects trained 
in opposite directions (during both Stage x and 2) are pooled together, although there 
were certain differences between various subgroups. These are discussed below. 


TABLE I 
MEAN Scores DURING STAGE I AND STAGE 2 


Stager ` stage 
No. of trials Total errors durin 
) í E ; iterii 
Groups during Stage x | Trials to Criterion trials 1-140 Trials Mo 
: 140 I18:7 52:7 5 
280 118-7 58:5 397 
o TEN 
it 740 128-7 63:7 : E 
280 128-7 67:1 gor 


ee |e 


E 


- 


OVERTRAINING AND TRANSFER LEARNING IN RATS 253 


c Stage 1 

Two measures of performance during Stage r were computed: the number of 
trials to reach a criterion of 80 per cent. correct responses over 2 days' trials; and the 
total number of errors (both initial and repetitive) made over the 140 trials. The 
Šo per cent. criterion was reached by all subjects in both groups, and on this measure 
over-trained and non-overtrained subgroups in each main group were matched 
exactly; on the errors measure they were matched very closely. Breakdown of the 
scores of subgroups trained in opposite directions showed that in Group I, subjects 
trained with black/white positive (Group Ia) made fewer errors than subjects trained 
with grey positive (Group Id): the mean error scores were 56-1 antl 61-1 respectively: 
([— 28, d.f. = 14, p < oor). In Group II subjects trained with squares positive 
(Group Ha) made more errors than those trained with diamonds positive (Group IIb) 
—mean scores were 67:5 and 62-1 respectively, but this difference was not significant: 
W= 0*9, d.f. = 14, p > oro). 

The use of a correction training procedure automatically equalises the number of 
rewarded responses to the test stimuli for subgroups Ia and IIa and the number of 
tewarded résponses away from the test stimuli for subgroups Ib and Ib; and since 
the error scores of these latter subgroups were closely matched (t = 0-2, d.f. = 14, 
$ = > o10), the number of non-rewarded responses to the test stimuli was nearly 
the same for both. Thus both Group I and II had equivalent experience with the 
test stimuli during Stage I. 

The overtrained subjects were performing only slightly more accurately on the 
list two days of overtraining (86:2 per cent. correct) than on the first 2 days (84-4 
Per cent. correct); a paired replicate t-test of the difference in error scores was not 
significant (¢ = 1-4, d.f. = 15, p > 0'10). 


Slage 2 

The measure of learning given in Table I is trials to criterion. An analysis of 
Variance on all subjects combined showed a highly significant effect of the dimension 
of training during Stage 1 (F = 58-9, d.f. = 1,20, p < 0:001), and a significant inter- 
action between training dimensions and overtraining (F = 11-8, d.f. = 1,20, $ < oor). 
Analyses on pairs of subgroups gave the following results: the difference between 
Group I and Group II was significant even when only non-overtrained subjects were 
considered (F — 8-8, d. f. = 1,12, p < 0°05); overtraining had a significant effect on 
Group II (F = 8.0, d.f. = 1,10, p < 005), but did not have a significant effect on 
Group I (F = 2:4, d.f. = 1,11, p > o0) Thus subjects trained on the absolute 
brightness discrimination in Stage 1 learnt the test brightness discrimination faster 
an subjects trained on the shape discrimination: overtraining slightly facilitated 
€ former, but significantly hindered the latter. 


Direct transfer. Tt is important for the conclusions to be drawn from this experi- 
ment that no pi ect should purs the Stage 2 discrimination with preferences between 
pe black and white squares already established by initial training. By — 
toup I on an absolute brightness discrimination, it was hoped that no suc m 
tence would be established. Similarly it was hoped that the eee 
mination for Group II would involve no unsuspected brightness “ae 
* Cannot say a priori whether this will be the case: hence the importance 2 p d 
4 factorial design, since this permits testing for the presence of this sort o r 
oU SÍer by the interaction terms in the analyses of ups i dried 
peurred then two interactions might be expected to be significant: the T js 
Meraction between the positive stimuli of Stage 1 and Stage 2; and (since if direc 


H BE 


254 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


transfer occurs it should be magnified by overtraining) the second-order interaction 
with overtraining. In fact in the two analyses carried out on the Stage 2 scores of 
Group I and Group II separately, neither of these interaction terms were significant 
For a demonstration, however, that such unexpected direct transfer can occur in 


this type of experiment, v. Mackintosh (19630). 


DISCUSSION 
Stage 1 " . 

An incidental finding of some interest concerns the development of position habits 
during the initial stages of training. On days r and 2, no subject showed a marked 
preference for either position, and the average number of responses to the preferred 
position was 12-7 out of 20. On days 3 and 4, the average was 15:4. » This increase 
in the strength of position habits was significant beyond the o'r per cent. level of. 
confidence, as measured by a /-test for paired replicates (¢ = 5:5, d.f. = 31). The - 
fact that rats with initially rather weak position habits develop stronger position - 
habits during the course of the next few days' training, supports the idea that position 
habits are systematic attempts at solution of the discrimination problem, or “hypo - 
theses," as suggested by Krechevsky (1932). Spence (1936) ingeniously showed 
that it was possible to account for this development of position habits within the 
framework of his continuity theory; but this account only holds for a non-correction 
method of training. As Spence (1940) has pointed out, on his theory a correction 
method of training should lead to a rapid reduction in position habits. The present 
results, of course, were obtained using a correction procedure, and are therefore 
inexplicable in terms of Spence’s theory. 


Stage 2 


} The results for Stage 2 tell strongly against the interpretation of the response of 
discriminating as an overt orientation of the animal. Despite the fact that Group Il 
must have learnt during Stage 1 to orientate towards the stimuli later to be used in 
Stage 2, overtraining on Stage r significantly hindered Stage 2 learning. This result 
agrees with an earlier finding (Mackintosh, 1962). In the case of Group I, the effect 
of overtraining was slightly to assist Stage 2 learning. It is clear, therefore, that the 
effects of overtraining depend upon the relationship between the dimensions ° 
training and test problems, and in order to account for the results, the response of 
discriminating must be interpreted as the act of isolating the relevant stimulus 
dimension. ý 

; Although Group I was benefited by overtraining, the effect was small and not 
significant. Within the terms of, say, Sutherland's theory, it is not hard to see why 
this is so. The explanation for the superiority of the overtrained group is that they 
have learnt to switch in the relevant analyser (i.e. have learnt to isolate the relevan 
dimension) more firmly. Unless, however, the non-overtrained group switch out the 
relevant analyser upon transfer to Stage 2, they will still learn as fast as the over 
trained group. Upon transfer, the percentage of trials on which reward is rece" 


will drop from about roo to 50 per cent., and this may only cause non-overtraln 


animals to switch out the analyser incompletely and temporarily. The greater x 


of overtraining found in reversal experiments will be because upon reversal there = 
a 100 per cent. drop in reward, and this will cause the non-overtrained animals 
switch out the analyser completely. 


If overtraining causes an animal to switch in the relevant analyser more frm 


one might expect that in Stage 1 subjects should perform increasingly accurate 


‘ 
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during the course of overtraining. There is in fact a slight improvement, but it is 
not significant. The asymptote of learning had in effect been reached before over- 
traming began. This can only mean that subjects continued to make errors not 
because they were failing to switch in the relevant analyser, but because they were 
failing to detect differences between positive and negative even with the analyser 
switched in. Both Stage r discriminations were difficult; it must be assumed that 
the differences between the stimuli were small enough sometimes to be obscured by 
noise. Both at the beginning and at the end of overtraining, subjects were switching 
in the relevant analyser on all trials; at neither time would this lead to perfect per- 
formance. « : 

The final comparison of interest lies in the Stage 2 performance of non-overtrained 
subjects in Group I and Group II. Group I was significantly superior; this would 
be expected on Sutherland's theory, because for Group I both problems involve the 
same stimulus dimension, while for Group II the transfer from Stage 1 to 2 involves 
achange of dimension. Since for neither group does the transfer involve a change of 
stimulus objects, the difference cannot be explained in terms of the orienting response. 

There remains the factual discrepancy between the author's results and. those 
reported by Brookshire e? al (1961). The latter failed to find any effect of overtraining 
on transfer to a new problem, while both here and previously the author has found 
overtraining to hinder transfer learning. Brookshire ef al. trained their rats in a 
cross-maze; they were run from either of two start-arms, and learnt one of two 
problems: “place learning" involved always selecting a particular goal-arm, regardless 
9f whether this meant turning right or left at the choice-point; “response learning" 
involved always turning, say, right at the choice-point regardless of which goal-arm 
| such a right turn led to. They were then transferred to the other problem with or 

- Without overtraining. In order that this experiment should be a test of the point 
at issue, it is important that neither problem should be soluble in terms of the other; 
but tis by no means clear that this is the case. It is quite possible that the response 
learning problem should have been solved as a conditional place discrimination: the 
Subjects might have learned to select one goal-arm when run from one start-arm, and 
the other when run from the other. Indeed there is some evidence that this is the 
normal basis for solution of a response learning problem (Ritchie et al., 1951). In 
this case the two problems would not have been independent, and the experiment 
nota test of transfer between dimensions. 


_ This work forms part of a project on “Stimulus Analysing Mechanisms": the project 
5s financed jointly by tie nw Office of Naval Research (Contract N62558-2453) and 
the Nuffield Foundation. 
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PERIPHERAL VIEWING AND SIMULTANEOUS CONTRAST 
BY 
PETER BURGH 


From the Psychological Laboratory, University of Cambridge 


ewing the test patches foveally or peripherally, at a distance*of 3° br 6° fr 
as found that contrast was greater‘in the periphery. It was also found 
reased with prolonged viewing of the display. A further experiment 
urring the test patches produced an increase in contrast 


showed 


INTRODUCTION 
There is a considerable body of evidence that the receptive fields of the foveal 
region diffet both in size and in degree of inhibitory action from those of the peripheral 
retina (Wiesel, 1960; Barlow, FitzHugh and Kuffer, 1957). 

If it is accepted that there is at least a strong retinal component in simultaneous 
ntrast (Asher, 1950), then it might be expected that lateral inhibition played some 
tt in simultaneous contrast phenomena, and that these phenomena also would 
differ in foveal and peripheral parts of the retina. However it is not clear what should 
‘pected in the field of human perception, on the basis of the electrophysiological 

findings. It may be that this is a field in which it could be useful to establish 
_ Psychological or psychophysical facts and from these to make physiologically testable 
predictions. 


An experiment was done to find ‘the effect on simultaneous bri 


FIGURE 1 
The 6° fixation point is not shown. 
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Preliminary investigations suggested that there was considerable variability ia 
the judgements of any observer upon different occasions, and a further aim of this 
experiment was to compare interpersonal and intrapersonal variation in order t» 
discover what in fact was the degree of correlation between the judgements of one 
subject in different experimental sessions. 


EXPERIMENT I 
Display and Apparatus 


The display to the subject ‘was of the conventional type as illustrated in Figure 1. 
Area (A), the test field, was of lower luminance than its “white” surround (B), while the 
Match field (C) was of higher luminance than its '*black" surround (D). 

Areas (A) and (C) had sides which subtended 1° of visual angle at the subject's eye, 
and were also separated by 1°. The whole display measured approximately 25° of visual 
angle in width, and 20° in height. Three fixation points (F) were provided: one was 
directly between the patches, and the others were placed towards the top edge of the 
display at distances subtending 3? and 6? respectively from the central point. 


Inclined card 


FIGURE 2 


The apparatus is illustrated in Figure 2. The display (D) which was cut out of card- 
board, was placed vertically at about 60 cm. from the subject's eye. It was illuminated 
by lamp Lr, so that the patches could be shown either against the divided black-white 
surround as illustrated, or with the surround illumination switched off, giving in effect 
à uniform black surround. The test and match fields consisted of windows cut in the 
display behind which were two pieces of inclined white cardboard. The amount of ligh 
falling on these from lamps L2 and L3 could be varied independently by means of MEC 
Shutters. The shutter controlling the luminance of the match field was adjusted by E 
subject. The subject viewed the display monocularly. 

Eu luminances were measured by means of an Ilford S.E.I. photometer and were a 
White surround (B) 26:9 ft. L. 
Black surround (D) r-o ft. L, 
Test field (A) 18-2 ft. L. 
Match field (C) from 0:8-33:9 ft. L. d 
In preliminary trials subjects were asked to adjust the brightness of the match field 


until the two patches (C) and (A) appeared equally bright ubjects made. judgement | 
both while fixating the central ene point (^ condition) a CUP fixating each of the | 
peripheral fixation points (3° and 6° conditions). In the o? degree condition both "5 — 
patches would fall within the foveal area, if this is taken to cover a visual angle en 

while in the 3 and 6° conditions the patches would fall outside the foveal area. a | 
and after the experimental matches subjects made control matches with the illumina Er 
to the front of the display switched off, so that both patches were seen against a UD» oye 


dark surround. This was done in order t ines taken wi! 
without the effect of contrast. O compare the scatter of reading: 


. 
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The results of these preliminary trials suggested that the effect of contrast was greater 
under the 3° and 6° conditions than at o*. However this result was unsati r 
for the following reasons: 


(1) It was found that the control matches with uniform surround gave different means 
before and after the experimental matches. After the experimental matches the match 
field was set to a lower luminance than the test field, as though the surround were still 
illuminated. This suggested a cumulative adaptation effect lasting throughout the 
session. In order to overcome this a prism was added to the eyepiece so that the field 
could be reversed from left to right between each trial. This it was thought would 
prevent the selective adaptation of one part of the retina over a relatively long period. 


(2) Several subjects reported that the effect of contrast appearéd to increase during 
tach trial. That is to say, that with centinued fixation of the display the test field seemed 
to become darker and the match field lighter than at the beginning of the trial. In order 
to discover whether this was really the case the instructions were altered. Subjects were 
asked to make a match quickly, in 5 sec., but after this to continue to fixate the display for 
30 sec., adjusting the brightness if necessary to maintain the match. 


(3) In order to avoid kinaesthetic or tactile cues from the position of the slide, the 
subject was asked to move the slide by means of a knob which, before each match, was 
moved in haphazard order to one of three different positions on the slide. 

Ten subjects, students or research workers in the Psychological Laboratory, Cambridge, 
Were tested with these changes in apparatus and instructions. As before, each session 
began with four control matches with the uniform dark surround, followed by eight 
experimental matches on each fixation point in the contrast condition, and finishing,with 
four more control matches. The fixation points were taken in different orders by different 
Subjects; each subject served for two sessions, on different days, and in each session a 
subject was presented with the three fixation points in a different order. The sessions 
lasted approximately 4 hr. 


Resulis 


The results are shown in Tables I, II and III. They are given in terms of Degree 
of Contrast: that is to say, the ratio of the luminances of the match field and the test 
field at the matching point, so that for example 3:1 means: “The brightness of the 
Patches was judged equal when the test field (on the white surround) was 3-1 times 
brighter than the match field.” 


TABLE I 
o MEDIAN Matcninc Pornt, DEGREE OF ConTRast (MarcH/TEsT FIELDS) 
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PANT 4 al, 
(1) Clearly peripheral fixation gives more contrast than centr ud 


"dition more than 3°. Also matches made at 30 sec. give more contras 
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made at 5 sec. The fixation differences are significant for all subjects and th 
temporal differences for eight out of the 10 (p < 0-01), when tested by a distribution free 
analysis of variance (Wilson, 1956). The use of non-parametric statistics seemed 
advisable in view of the lack of grounds for assuming normality of the distributions 

(2) The scatter (expressed by the Interquartile Range as a percentage of the 
IOR x roo 

Md 

There were no significant; differences in scatter between the experimental con- 
ditions. But the scatter for each experimental condition was significantly greater 
than that for the control condition, (p < 0-01); by the Wilcoxon Test (Siegel, 1956). 


Median, ) was compared for the various conditions. 


TABLE II 
SCATTER. INTERQUARTILE RANGE AS PERCENTAGE OF MEDIAN 


7 
Subject zuo sm || ./5,| 6 | 718 ]|9 | 10 | Average 
| i 1 
Experimental a una da2dr22 | 42 | 29:| 29 | 37 | 42 | 29 | 9 | 34 
Control ss 73 <| 13 | 35 | 13 | 41 | 13 | 20 | I4 | 40 | 27 | 20 | 24 
| 


‘The experimental values represent all conditions taken together. 


(3) There was considerable variation between different subjects. In the first session 
the interquartile range was 22:2 per cent. of the median, and in the second sessioni 
I9:2 per cent. However there was a positive rank order correlation of 0:82 betweet 
the first and second sessions for each subject. 

The finding of increased contrast with peripheral viewing was not confirmed by 
another experiment (Burgh and Grindley, 1962). In this case no difference in 
contrast was found. It must, however, be mentioned that in this experimerlt the 
patches were thrown onto the periphery by magnifying the entire display, so that the 
patches were separated by more than 1? of visual angle, and were also larger than V 
the condition of foveal viewing. Thus the conditions were not strictly comparable 
with those of the present experiment. 


TABLE III : 
DEGREE oF CONTRAST, FIRST AND SECOND SESSIONS 
MEAN OF ALL CONDITIONS 


Subject 2 T 8 9 6 I0 3 zi | 7 | 
First session 2:2 2:6 . re 
1 3 š a 8 8 E 
Second session | 2-6 35 as 33 24 35 i o $6 | ? | 


Rank-order correlation coefficient — 0:82. 

_ was however pointed out in discussion of the present experiment that n 
increase In contrast with peripheral viewing could be a result of the blurring involv e 
inthis condition, It has been reported (Tennant, 1929) that laying a sheet of Wo 
paper over a conventional contrast display enhances the apparent difference betwee 
the patches. Thus the loss of acuity involved in viewing the display periphet 


might have a similar effect. Experiment II was therefore designed to test the 


of blurring upon simultaneous contrast. 


Eo ee TS 


effect 
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EXPERIMENT II 
Display and Apparatus 

The display used was similar to that in experiment I, except that circular test and 
match fields were used instead of square ones, 

The display was produced by two 2 in. X 2 in. slide projectors. One projected the 
test feld and the two surrounds by means of a slide made from photographic film of 
suitable densities, while the other, which was fitted with adjustable crossed polaroids and 
a simple slide of sheet aluminium with a small hole, projected the match field onto the 
darker half of the ground. The diameter of each patch subtended 1° at the subject's eye 
and the patches were separated by 1°. A pencil mark on the screen immediately between 
the two patches was used as a fixation mark, The display was blurred by throwing the 
projectors out of focus. A piece of frosted glass was placed behind: the slide in order to 
avoid casting an image of the projector lamp filament. The luminance gradient of the 
blur produced was scanned by a photometer and its shape is shown in Figure 3. 


o 


Luminance:log ft. — Lamberts 


Inches from fixation point 


Degrees from fixation point 


FIGURE 3 ae 
Photometric scan of display, showing changes of luminance in horizontal direction. 
Solid line, blurred condition. Broken line, sharp condition. 


The luminances were as follows: 


White surround (B) o°8 ft. L. 

* Black surround (D) 0:047 ft. L. 
Test field (A) 0-56 ft. L. 
Match field (C) 0-04 to o-18 ft. L. 


The luminances were measured by means of an Ilford S.E.I. Photometer. 

Six subjects were used, drawn fom research workers of the Psychological en 
Cambridge, Each made 20 matches under each condition. They were Via Ac 
adjust the polaroid controlling the luminance of the match field until both ee PP he) 
*qually bright (in the blurred condition they were to match the centres of t rn A 5) 
and to do this in ro sec. The experimenter counted from a stop watch "5," 8, 9, IO. 


The polaroid was adjusted by means of a wheel in order to avoid kinaesthetic cues. 


Results 


: P in the 
The results are shown in Table IV. All subjects showed more contrast in t 
urred condition and these differences are significant by the Wilcoxon test d ss m 
* scatter under sharp and blurred conditions is not however significantly diferent. 


the is somewhat surprising, as subjects expressed considerably less confidence in 
eir matches when the display was blurred. : 3 
It is interesting that M subjects, who had not taken part an S i MU 
Ment, remarked spontaneously that contrast appeared to increase when they 
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TABLE IV 


Degree of contrast 
k Interquartile range 
Median as % of median 

Subject Sharp Blurred Sharp Blurred 

GCG "2 11:4 16:3 8-7 

SA 3o ; 5'4 ; 20:0 31r'5 

cs ^ 63% 94 445 | 3470 

PW * T8 II4 A 50:0 14-0 

SH 46 76 8:7 1r8 

DS 40 55 50-0 32:7 
Average 5:8 8-4 29:9 22:1 


at the edge of the display (i.e. about 6° peripherally). All subjects but one remarked 
on this either spontaneously or when asked to look away from the fixatioa point. 


DISCUSSION AND CONCLUSION 


A most striking feature of these experiments was the uncertainty and lack of 
confidence in their judgements, expressed by the subjects, particularly under the 
conditions of peripheral fixation and of blurring. The more sophisticated the subject 
and the more experienced in visual experiments of this kind, the less confident he 
was. The difficulty could be divided into two main categories: first, in conditions of 
peripheral viewing or of blurring, it was often difficult to see the patches at all; they 
were reported as “waxing and waning,” “fading into the background” or “appearing 
and disappearing." The second kind of difficulty consisted in a more or less ill- 
defined qualitative difference between the two patches, so that they never appeared 
the same. The patch on the black surround was reported as appearing “self- 
luminous,” while the other, on the white surround, appeared as a patch of grey paper. 
Although at the two ends of the scale the two patches could confidently be reported 
as different in brightness, there was frequently no point in the middle where the 
patches were reported as being the same, but rather an area within which they wet® 
re different, although it was not possible to say in which direction the difference 
ay. 

This difficulty suggests that there may be a deficiency in the concept of “pright- 
ness" as it is generally used in psychophysics. This is not to say that the trouble 
“purely verbal” in the sense that re-defining the terms would eliminate the difficulty, 
but rather that the existence of the word "brightness" has led us to assume a simple 
sensory dimension analogous to the concept of luminance, whereas in fact the visual 
system may be making distinctions which are not reflected in our language. . 

It is evident that the nature of these distinctions should be established empirically, 
and the language of psychophysics, at least, be adapted in order to accommodate 
them. Until this is done the reliability of communication between experimenter 
subject will remain doubtful, 
Ww Bearing in mind these fundamental objections to the concepts at present in 0% 
it is not possible to draw any definite conclusions concerning the relation of contrast 
blurring and peripheralfixation. There are three possibilities: 


(1) That the increase of contrast in blurring and in peripheral fixation is due to? 
different, presumably retinal, mechanism in each case. 
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(2) That the increase found in peripheral fixation is due only to the loss of acuity 
involved, the basic connection being between blurring and increase of contrast. 


(3) That the increase found in peripheral fixation and that found in blurring are 
both independent results of a general, possibly more central, mechanism controlling 
both contrast and "'constancy"—another term which may require considerable 
re-thinking. 

The selection of one of these alternatives would be guided by both physiological 
and psychophysical evidence; at present however the evidence is insufficient to allow 
such a selection to be made. é ' 


I wish to thank Mr. G. C. Grindley for frequent advice and diicussion. I am also 
indebted to the Medical Research Council, under whose grant this research was carried out. 
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SHORTER ARTICLES AND NOTES 
NOISE AND THE SHIFTING OF ATTENTION 


BY 
W. M. S. SAMUEL 
From the Department of Psychology, Queen's College, Dundee 


An experiment was catried out to test the hypothesis that performance on a task 
which involves a shift of attention between spatially separated sources would be lower 
under noise conditions than one which involved no such shift. The results indicated 
that the hypothesis was not proved; rather they showed that the subject's performance 
on the shift of attention task was better under noise than under quiet. An attemptis 
made to put forward possible reasons for this occurrence. 


INTRODUCTION 


A survey of theory and experimental data resulting from the study of noise and its 
effects, revealed that whilst the effects of noise on performance were not as widespread as 
might be imagined, certain types of task did reveal a deleterious effect. Broadbent 
(1953, 1954) showed that noise produced a decrement in the prolonged performance of 
vigilance and serial reaction tasks, and postulated that the significant feature of these tasks, 
which renders them prone to deteriorate under noise conditions, is that they are sensitive 
to momentary lapses of attention. When considering the work of Jerison (1954, 1957): 
whose task required the subject to press an appropriate key under three lights, flashing at 
different rates, when each had flashed a stated number of times, Broadbent (19580) felt 
that, since under noise conditions the decrement increased as the interval between possible 
responses increased, this suggested that immediate memory could well be the mechanism 
which had broken down. To discover the validity of his proposition he conducted an 
experiment which placed a heavy load on Subjects’ immediate memory. The self-paced 


task was a difficult subtraction: a six-digit number appeared in a slot and was t0 


memorised before the subject moved the a arat la four-digit number in & 
second slot, the first number b pparatus on to revea g 


eing no longer visible: the second number was to be st n 
tracted from the first. Performance was Significantly worse under roo db. noise tha 
under 70 db. noise. 


Whilst Jerison (1957), in collaboration with Wing, found that there was a decrement 


under noise in the performance of a vigil isti ree clocks, a furti 
experiment (Jerison, 1957) using Cod epp In the 
light of this, Broadbent (1958) 


further experimental work, and it i i 
; > was hoped that the following experiment wou 
the factor sufficiently to reveal the Boots of noise upon it. cu 


ES : c i t o 
rie ; Whilst in the Shift condition he sat in fron 
E wed pde aces aes the chair was so placed as to have t 

: from th uli under both iti j le rea, 
gave specific lighting to the displays, BE Mor ca watt adjustab ic 
The stimulus material consi: s 


ane sted of digits typed on rolls of 35 mm. photos" 
printing paper. For the No Shift condition, feo olnmns of 1,2 So ciate were type 
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space apart on the same roll (Roll A). For the Shift condition, exactly the same digits 
were used but each column was typed on a separate roll of paper (Rolls B and C). The 
letters of the alphabet provided lead-in material on each roll. 

The presentation device consisted of a solenoid activated by a microswitch attached 
toa cam, which provided the timing interval. From the solenoid extended a claw, which 
engaged in the holes along the edge of the paper as it was fed through guides. White 
noise was fed into calibrated earphones, worn by all subjects. A noise level of 110 db. 
was used in the Noise condition: 8o db. in the Quiet. 


REsULYS n 
| * * 
Mean number per subject 
Error | Total 
per cent. || Omissions Wrong | responses 
F 24 | 221 79 1,029 
| Noise M 40 418 79 832 
| F&M 32 319 79 931 
Shift N S 
| F 57 650 63 600 
| Quiet M 50 555 68 695 
| F&M 54-2 E A ET | 648 
| ——— I, 
| F 9 67 46 1,183 
| Noise | M 12 114 39 1,136 
| F&M II 9I 43 1,159 
No shift j 1 
| | F 8 48 50 1,202 
| Quiet M 4 23 23 VZAT, 
| F&M 6 35 37 L419 
F— Female. 
M—Male. 


Wrong— Response made but calculation in error. 
ission—No response made to presentation. 

Error per cent.—Wrong responses plus Omissions expressed as a percentage of total 
Possible correct responses. 

LJ 

The subjects were volunteer students, randomly assigned to con 
(one additional female was used in 1), five females and five males, 

llowing four conditions: 

(1) Shift with Noise. 

(2) Shift with Quiet. 

(3) No Shift with Noise. 

(4) No Shift with Quiet. 


ditions. Ten subjects 
served in each of the 


required to add together the two digits as they 


In the Shift conditions, the subjects were and C. In the No Shift 


each second, in the two separated sources, on rolls B 


S the subjects were required to add 


one type 
Masked Si 


their 5 i : 
sheet Rr to each addition, and this was checke _ 50 sec., in which 1,250 presentations 


Were made 


Three main poi i lts: 

points arise from these results: AT ift 

C0; 9 , The hypothesis that there would be a lower performance under Noise in the Shi 
ndition than under Quiet, is not proven. t 
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STATISTICAL ANALYSIS 


Significant difference No 
cL 2 eee ——) significant 
O'*OI | 0-05 | difference 
1. Comparison between 21 Shift subjects and 20 No | 
Shift subjects on basis of: | 
Percentage Error Score .. ac ES ES x 
Omissions Score .. sa Sc es x 
Wrong Score vv V yu J-—À |f x 
2. (i) n bétween*conditions Shift-Noise 
and Shift-Quiet on basis of: ^ 
Percentage Error Score Ps X xs x 
Omissions Score VE ia a $e x 
Wrong Score .. E : x 


(ii) Comparison between conditions No Shift- 
Noise and No Shift-Quiet on basis of: 
Percentage Error Score A 
Omissions Score ree gs E» | 
Wrong Score .. v cn sk ae 1 x 
3. (i) Comparison of scores between 11 females and 
10 males in Shift and No Shift conditions 
under Noise, on basis of: 


* 


Percentage Error Score se as a x 
s Omissions Score 55 m 3 Ub x 
Wrong Score .. 2 : 


(ii) Comparison of scores between 11 females and 
10 males in Shift and No Shift conditions 
under Quiet, on basis of: 


Percentage Error Score ds b ad | e 
Omissions Score ^S a ee s 2 
Wrong Score .. 14 Wn a 2: x 


———————————— 
The Mann-Whitney Test (White's Modification) was used in all calculations. - is 
Analysis of Total Responses follows the same pattern as Omissions Score, since the later 

equal to the Total Number of Possible Responses minus the Total Number of Responses. 


__ (2) On the basis of Percentage Error Score and Omissions Score, the subjects performed 
significantly better under Noise on the Shift condition: but, for the Wrong Score, there 15 
no significant difference between performance under Noise and that under Quiet. Even 
when the number wrong is rated in proportion to the number of respective responses, 
there is still no significant difference: this suggests that it is likely the process involves m 
this type of calculation is unaffected by noise. Consequently, on the basis of the b. 
going, it would seem that either the perceptual or the effector mechanism is that which 


affected by noise. Only further delimitation by experimental design, will provide à : 
answer to this problem. 


(3) Differences between the performance of males and females are found notably pe 
Noise, where females did significantly better than males, based on Percentage Error E 
and Omissions Score: but no such difference was found using Wrong Score. Ther ue 
also a significant difference, in favour of the males, based on Wrong Score in the pert by 
ance of the No Shift task. The indication is that females were more highly activa ong 
noise than the males, producing a greater output of responses. Since the number M 
appeared to be in the same proportion, on all conditions, to the total number of respon?" 


the females achieved a better performance under Noise. 


Discussion 


A ve 
The following features distinguish the present experiment from those which he 
shown a decrement under noise conditions: 


(1) Simple work task. 
(2) Externally paced at a high signal rate. 
(3) Little load on immediate memory. 
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(4) No subject served in more than one condition. 


isolate as much as possible the effect of noise on the variable, “Shift o! Attention." Bakan 
(1957) has shown that performance on a vigilance task is a function of the number of 
possible responses, and Jerison (1957) found that the order of subjection to noise and quiet 
influenced the results. 

The following factors are put forward to explain why Noise influenced performance 
only in the Shift condition: ; 

(1) Level of arousal. ` 5 

(2) Compensatory effort. T - 

(3) Deleterious effects of apparatus noise. 


(4) Lack of auditory feed-back. 


Due to the difficulty of the Shift condition, the arousal level may have been high initially, 
with noise seeking either to augment it or to arrest its decline. McBain (1961) suggested 
that increased variability in vigilance tasks may reduce the tendency for the subject's 
state of arousal to decline due to the monotonous experimental environment caused by 
high level white noise. Although the session length may be too short to show this effect, 
in the present experiment the more variable condition would appear to be that of Quiet, 
consisting of 80 db. noise, apparatus noise, caused by the click of the solenoid, and the 
subject's voice: the combined impact of these distractions may have produced an adverse 
Hiec. Woodhead (1959) found a deleterious effect of bursts of noise in decision making, 
but that the decrement occurred only immediately after the onset of noise. The solenoid 
Wise may have had an impact similar to the bursts of noise, The noise level used in the 
Noise condition was sufficiently high to mask the apparatus noise and the sound of the 
Sübject's voice. Consequently there were no cues to presentation and the subject may 
not have been tempted to recheck his calculation in the Noise condition, with the result 


(5) Shorter experimental period. 
It was considered necessary to incorporate these features in the voter design, to 
that the whole performance was more fluid. , 1 z 
Further experimental work to isolate the effects of noise on the variables which are 
Probably in use in tasks which show a change in performance will have to be undertaken 
t clarify whether it is a single aspect of the psychological processes that is affected by 


Moise, or whether it is a composite effect. 


I wish to record my ve ateful thanks to those who have helped to effect this work: 
Specially to Dr, N. E Loveless who supervised it; also to Dr. T. R. Lee, Mr. B. R. Singer, 
BWC. Crabb, and the subjects. 
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A FURTHER EXPERIMENT ON THE DISCRIMINATION OF © 
OPEN AND CLOSED SHAPES BY RATS 


os | 


N. $. SUTHERLAND | 
From the Institute of Experimental Psychology, Oxford University 
In à previous experiment oa the visual discrimination of open and closed shapes ie 
rats (Sutherland, Carr, and Mackintosh, 1962) it was found that (1) at the begisnimg f. - 
training the animals exhibited a strong preference for the more ope shape; (2) bags - 
differing in their horizontal projections only were more discriminable than Mages 
differing in their vertical projections only. The present experiment is a replication of 
the earlier one using different shapes and different apparatus. The first result was fy 


confirmed and some confirmation was obtained for the second, although late in traisg 
the differences between groups trained with shapes differing on opposite projections wee 
not statistically significant. 


INTRODUCTION 


: | 
Figure 1 shows four pairs of shapes. The first member of each pair will be refered 
to as a closed shape (C), the second as an open (0): by a "closed'' shape is meant omi 
which is compact, by an "open" one which is spread out (for fuller discussion t Sutherland, 
Carr? and Mackintosh, 1962). The first pair of shapes in each row will be called vertical 
shapes (V), the second pair horizontal (H). Sutherland, Carr, and Mackintosh (1988) 
trained rats to discriminate between the two pairs shown in the first row. They tosa! 
that at first animals trained with open shapes positive made more correct choices thet — 
animals trained with closed shapes positive. Moreover, the groups with open post — 


Vertical Horizontal 


Open 


€ ex 


FIGURE 1 


performed above chance from the outset of training whereas the groups With cloud. 
amp di first performed below chance. This cUm. that rats have a pre ro 
Eiei t Of the groups with open positive, animals trained on the horizontal 
performed better throughout training than animals trained with vertical shb PPY ire, at 
first groups with the closed shape positive, animals trained on horizontal ag 
It P ag: ears worse than those trained on vertical shapes, later they perform 
to the laaik, led that the two horizontal shapes differ more from one another with 
Such diff fying mechanisms in the rat's visual system than do the two vert [^ 
MESA erences in the readiness with which different shapes are classified E P 
pensr ik acier differences in "discriminability.''" It should be noted that diff i 
iscriminability (as the word is used here) may be revealed not only by the cane p 
x e an animal learns to attach differential responses to the members of dif erent 
of shapes, but also by the animal's tendency at the outset of training to give 


to apes determined by its preexisting preferences. The greater dininins 
of the horizontal shapes is by a theory suugted to enunt Be hogn 
paition in the octopus (Suther 1937. 1960), since the V. shapes diSer oniy im tais 
al projections, the A only in their asi one LII 
that shapes differing in their horizontal projections caly delà be fuam reel 
licrieninabie than shapes differing in their vertical peogectioms vaty 
Gamer, Hake and Eriksen (1996) and on DEM have called A to te 
tance of employing converging tiom in study of getan 
the present experiment was to icate the cartier one Mig ditus wagers 

Went training apparatus. The shapes used in 
wecond row of Figure 1, They ware selected in way that ome mesier of 
was more open than the other, and one pair differs onhe in its vertical 
other only in its horizontal projections. The earlier experiment was 
pparatus in which a milk tu } through the middle of each shape. ami 
als ran to the positive shape P e were able to drink from the mil tube 
fats’ eyes are at the side of its head it is possible ir. pm donc riminabelity of 
horizontal! shapes was due to the Fat seeing mainly the parte 

ng: the lateral parts of the horizontal shapes differ more than the same parte of 
Vertical shapes. The apparatus used in the present experiment was a 
pag stand in this situation there is no reason to suppose that rats will attead 
to the sides of a shape than to the top or bottom. 


1 
ji 
ilit 


Memov 


* 
The subjects were 16 male hooded rats from the colony maintained at the Oxford 
sity Institute of Experimental Psychology and they were about 6 months obd at 
Mart of the experiment. 


i: Ing Procedure 
The apparatus was a conventional five hold jumping stand (cf. etr 1033). 
rum 


i 


pes used were cut from $ in. white Perspex: -— were of 24 sq. area and 
Attached to the front of doors in the jumping stand. 
er. They were first pretrained to jump to open doors, and then to a closed 
ing the positive shape alone. They were then given 300 training 
were 


Hi 
d 


: 
| 
i 
i 


‘ en throughout 
| was about 12 min. A modified correction ths latior and contioned 
als jumped to the incorrect door they were d first trial errors were 
p until they made a correct choice. In computing má 


ntal design 


There were four groups each of four animals. ( 
tica shapes (left hand pair row Iot Fig. 1) with G 
Skod With the vertical shapes with open positive. closed 
horizontal shapes (right M pair of row II in Fig. 1) with i 
» Were trained with the horizontal shapes with open positive. 


i 
vi 
i 
iti 


RESULTS 
Learning curves for the different groups are shown in Figure 2. 
Tent, the number of correct choices made by the different groups 


is reprod 
: ' training. Moreover, 
present experiment ores the ied. Sr t at better than the 


by a nonparametric test: thus every animal in Group HO 


HER 
Tun 
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any animal in Group HC, every animal in VO scored better than any in VC, and 
animal in VC scored better than any in HC. The difference between HO and I$ 
although in the expected direction, was not, however significant (t 1*4, d.f. = 6). 


lé 
Days 
FIGURE 2 


20 24 28 30 


Later in training in the previous experiment the scores of the different groups We 
ordered as follows: HO = HC > VO = VC. In the present experiment HO continues 
to score better than either of the V groups, HC comes to equal VC but fails to surpa 
either VC or VO. Over days 13-30, there was no overlap between the scores of the tv» 
H groups nor between those of the two V groups: the differences between HO and vo 
and between HC and VC were not significant. 

, Thus the results early in training fully confirm those of the previous experiment o 
oe te that rats have a strong preference for open shapes. They also suggest that 
orizontal shapes are more discriminable than the vertical ones since the prefer 


experiment is that in the i 
present apparatus learning was extremely m noted. that 


the results late in trainin; g confirm those of i i i ntin 
the earl t in that HO co 
to do better than VO, whereas HC does catch up with Me 3 - 


suggests that the previous results were not a function of the apparatus used and bor 
in eithe 


vertical or horizontal projections. The present results fully corroborate that rats 
that shà 
an 


Since this experiment was rted añ 

3 : performed, Barnes and Baron (1961) have repo 4 

Do nerd s shows that mice also prefer more open a koc complex) HU 
ir animals learned to press a bar which exposed a shape, and they PT than 


* 
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work forms of a project on "Stimulus analysing 
erred by the T pep 
the Nuffiel 


ld Foundation. 
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VISUAL DISCRIMINATION OF SHAPE BY HUMANS 


BY 


J. BUTLER 
From the Psychological Laboratory, University of Exeter 


Reaction times to tachistoscopic exposure and a card-sorting task are the two 
methods by which visual discrimination of shape is studied. The results of experiments 
using both methods tally, ié. the order of difficulty of the following shapes was 
(1) (easiest) circle vs. triangle; (2) circle vs. square; (3) square vs. triangle; (4) (most 
difficult) triangle vs. diamond. These results ere compared with those obtained by 
Sutherland, using octopus, and it is concluded that it should be possible to establish to 
what extent the system of visual analysis in humans differs from that postulated for both 
octopus and rat. 


INTRODUCTION 


Although the discrimination of shape by sub-human animals is currently being studied 
(see, for example, Sutherland, 1960), so far as the author is aware, no comparable work 
has been done of late, using human subjects. The object of this paper, therefore, is to 
examine, by two different methods, visual discrimination of shape by humans. A 
reaction time experiment will be described and, after that, a card-sorting one. Both 
experiments are based on three assumptions. (i) By these methods, only one dimension 
is uhder analysis, i.e. that all shapes are translated into a finite amount of excitation. 
(ii) Shapes would thus be rangeable along a single continuum. (This assumption seems 
justified when one considers that mensuration demands the emphasis of one characteristic 
to the exclusion of others: thus, weighing ignores length, while the measurement of 
length is not concerned with weight. The hypothesis was that, when there was à “large 
difference” between the two shapes, the response time (or sorting time) would be short, - 
and when there was a "small difference" between the two shapes, the response time (or 
sorting time) would be long. This is concluded from the assumption (iii) that large 
degrees of difference are soon discerned by the subject, while small degrees of difference 
require comparison of the various characteristics of the shape, which is presumed to take 
more time. It should be noted that no verbal definition of what constitutes “ difference 
or “identity”’ is required here, 


EXPERIMENT I 


_ Method. Pairs of shapes were displayed to human subjects tachistoscopically- E. 
instrument (designed and constructed by Dr. A. Staniland) presented the shapes v 
superimposed red and green filters (which markedly reduced their luminosity) e 
the shapes were 36 cm. from the eye, subtending a visual angle of 1? 54’ approxima mi 
A warning noise preceded the exposure of the first shape, the exposure lasting On? 
of a sec. (the fractional exposure) ; there was an interval of 3 sec. before the second fe 
appeared. Exposure of the second shape lasted until the correct response Was bu 
The subject was required to respond by pressing a key marked “S” for two same Me 
or a key marked “D” for two different shapes. If the wrong key was pressed, the of 
continued until the experimenter himself ended it, and no time was taken for respo 
of this sort. The subject was not allowed further attempts to correct errors, En 3 
the same pairs recurred in their randomized sequence. These errors, wie dth 
negligible in number, were discarded. Responses were timed to the nearest lai 
of a second on a Venner stop-clock, capable of recording ten-thousandths of a sec. work 
The shapes used (which were solid, not outline) were taken from Sutherland 1 own 
(1957) in order that close analogies could be drawn; and these shapes were scaled 
(one-tenth of an inch representing 2 cm.) to fit standard Kodak 35 mm. slides i or 
in pencil on transparent stiff paper. Eight pairs of different shapes (e-8- Q Me and 
= vs. +) and eight pairs of same Shapes (e.g. © vs. © or O vs. LJ) were present est 
the order of presentation for all 16 pairs was randomized. There is no evidence Do 
wine pn member of a pair was shown first had any effect on the results. 
^ e subjects, 18 in number, were experimentally naive female students of O 
herapy and their teachers, of between 18 and 28 years and, in all cases, 2 practi 


ccupatiot 
ice pen 
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of 20 trials was allowed. (The results given below have had this period abstracted.) 
This precaution was taken so that there could be no doubt that each subject knew what 
constituted a "same'' decision and what a “‘different” one. Such procedure obviated 
the need for detailed instructions to subjects, who were merely asked to respond to 
differences of shape and orientation. 


TABLE I 
EXPERIMENT I. 18 SUBJECTS. MEAN Reaction TIMES: INDIVIDUAL AND TOTAL 
(In SEG) 
| * * 
INDIVIDUAL 1 
1 1:305 1:450 1-186 1:345 1:285 1:325 1'160 | 1:225 
2 L:2310 | 1:435 | 1170 1:025 1*050 1:255 1:190 0960 
3 1:730 1:420 1:140 1:385 1:415 1:165 1:220 1:125 
4 2:650 1:350 2:225 1:230 1:320 1:220 1:220 1-125 
5 1:240 1:360 1:170 1:230 1:310 1:050 1:040 1:160 
[] 1:305 1:535 1-105 1:380 1:120 1:530 1:355 1:295 
7 1:245 1:175 1:500 1:100 1'105 1:110 1:030 1-055 
8 1:535 2:000 1:605 | 2:300 1:760 r320 | o'900 | 0:935 
9 1:520 1:050 1:160 0:960 0:890 0:025 0:830 | 0:835 
to 1:400 1:420 1:180 1:100 1:050 1:360 1-065 0:945 
II 1:540 1:420 1:250 1:230 1:050 1:120 1:040 1'035 
12 1:340 1:780 | 1:220 1:310 I'410 1:085 1:090 | I'14O 
13 1:085 1:360 | o 785 0:825 0:980 0:900 0:975 | 0:675 
14 0:945 | 0:760 | 0:755 | 0:755 | 0740 | 0:695 | 0:750 | 0'700 
I5 0:715 | 0-800 0-600 0:650 0:790 0:800 0-800 0:630 
16 1:360 1:260 1:345 1:250 1:350 1:320 | 0:970 | I*140 
17 0:970 1:250 | 0-915 | 0:860 1-130 | rooo | o:880 | 0:770 
18 1690 | r1ilo | 1-100 | 0:970 | 0:990 | 0:990 | 1-170 | 1-040 


, The difference between two adjacent groups of the following pairs of shapes is 
Significant at better than the level of confidence indicated (Wilcoxon matched pairs 
test—two tailed) : 

1) diamond vs. triangle (o-or); (2) square vs. triangle (0-05); (3) circle vs. square; 
(4) Circle vs. triangle; (5) H vs. 4 (0-01); (6) T vs. L. 

_N.B.—The average reaction times to “same” shapes was as follows: diamond vs. 
diamond: 1:257 Nr vs. square: 1:248 sec.; F VS. I7: 1:213 sec; circle M circle: 
P179 secs | vs. |: 1-175 sec.; / VS. / 1:143 Sec.; T vs. T: 1:094 sec; in = 
1093 sec. The purpose of the inclusion of "same" shapes in the bela a 
dn Provide a situation where there were equal numbers of "same" an ere 

uli, 


S DISCUSSION 
Mares, circles and triangles 
It will be observed that these results differ in d 


i ATE cent.); 
- triangle (both 67 per cent.); circle vs. square (69 per cen er (cob o)ireports 
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analysing the horizontal and vertical extents of figures. A neurological mechanism is 
proposed ''which counts horizontal extents of a shape at each point on the vertical axis, 
and vertical extents of a shape at each point on the horizontal axis" (1960). Such 
proposal is in line with a large number of Sutherland’s experimental findings. Further, 
it would appear from the results that the horizontal projection is more accurately analysed 
than the vertical. However, results with human subjects cannot be explained on the 
basis of the vertical and horizontal projections of the shapes concerned. 


"T" figures and rectangles 


The results with human subjects show that up-down mirror image shapes are more 
readily discriminable than leftoright mirror image shapes. Sutherland has found this 
to be the case with octopus. 

There is not any significant difference between the time taken to respond to — ys. | 
and | vs. /. This agrees to some extent with Sutherland’s results. (Cf. 1960: "Animals 
trained to discriminate between a horizontal and oblique treat a vertical rectangle as an 
oblique, and vice versa.") It is worth noting in this connection that the mean response 
time (18 subjects) for two “same’’ oblique shapes was 1:143 sec., while that for the 
discrimination | vs. / was 1-161 sec. This difference is minute. 

It was thought that the value of these results (with human subjects) depended on 
the exclusion of any interpolation that might be affecting them. A number of objections 
to the method may be made. To give two instances: D 


(i) The temporal arrangement of displaying shapes, i.e. fractional exposure, lasting 
one-fifth of a sec., 3 sec. pause, then the other exposure—this arrangement is an 
arbitrary one. Any part or parts of this sequence may interfere with the response 

* time. 

(ii) Some artefact, or cue (other than the shapes), might be prompting the responses, 
unknown to the experimenter. 


Thus, a card-sorting experiment was devised to test the method of Experiment I 


EXPERIMENT II 


Method. The cards used were blank playing cards of standard size, on the face of 
which black shapes (solid, not outline) were glued. The shapes (square, diamond, triangle, 
circle) were equal in area (25 sq. cm.) There were 20 subjects, divided into two groups: 
Group A (11 subjects) and Group B (9 subjects). Group A worked with 15 cards of each 

suit," together with 15 blank cards (i.e. a pack of 45 cards with, say, 15 squares, 15 
circles and 15 blanks to sort into three piles); Group B worked without any blank cards 
(i.e. using a pack of 30 cards, say, 15 diamonds and 15 triangles, to sort into two piles). 
Group A was given the blanks to test what effect a third category would have on the 
results. It was found that, when the number of subjects is small, blank cards hardly 
affect the differences or relative sorting times. The categories for sorting were: i 
circle from triangle; (ii) circle from Square; (iii) square from triangle; (iv) diamond from 
triangle. There were five trials per category and the categories were presented to ir 
subjects in random order. Inter-trial shuffling lasted between 30 sec. and I mun. E 
no standard method of shuffling was adopted. The subjects (again, students an 
teachers of occupational therapy; but no person did both experiments) were instruct 


to sort the cards into “suits” as quickl imed by a manually 
operated stop-watch. q y as they could and were timed by 


RESULTS AND Discussion 


_ The card-sorting results produce the same temporal order as those of the ee 
time experiment: in both experiments the speed of discrimination was: (1) circle us 
triangle; (2) circle vs. square; (3) square vs. triangle; (4) triangle vs. diamont; an 
the tachistoscopic method seems to be vindicated. 

Several comments of a theoretical nature remain to be made. is 
(a) No “explanation” of the results, in terms of postulated neural arrangements 
offered at this stage. Primarily this is because the experimental facts are few P litate 


devisable hypotheses that would cover them are many. This work is designed to fact 


" 25 1 H . n i T 
Some inter-species comparisons and it is thought that data of a comparative M 


of more importance than further postulates. What i fore 
: ; at is worthy of note, therefore, let 
although the results with square, triangle, circle and Bind cannot be subsume und 
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Sutherland's suggested analysis of vertical and horizontal extents, this is equally the case 
with the octopus results. Anyone who cares to draw the projections for these shapes (in 
the same way that Sutherland does, i.e. in 1960) will see that both vertical and horizontal 
projections of triangle, circle, and diamond are very similar whereas those for the square 
are peculiar to that figure. This does not detract much from Sutherland's theorizing, since 
he has merely suggested that analysis into projections is only a first and approximate 
step, one that was prompted by earlier findings; that he is aware of the difficulties 
involved in the next step is shown by his published work. 


. 


“TABLE II : R 
EXPERIMENT II. 20 SUBJECTS. Mean SonrING Times: INDIVIDUAL AND TOTAL 
(IN Sec.) 
Triangle from | Square from Circle from Circle from 
Sorting categories | diamond triangle square triangle 
INDIVIDUAL 
Group A 
I 43°32 40:28 38:84 38:60 
2 39:88 37:08 36:16 36:60 
3 49°00 43°68 39°68 42:16 
4 42:24 41:32 40:76 40:08 , 
5 | 42:44 39:04 4044 3924 
6 46:28 4520 44700 44°64 
7 38:56 37:68 35°04 36:80 
8 37:12 3420 3312 3:96 
9 4548 43°04 43°04 40" 
BO 41:48 39:64 38:64 37:60 
II 44:88 (oor) 42:24 (oor) 41-64 41:52 
Group B - 
I 32:56 30°72 30°40 29°84. . 
2 35°48 34:56 32:36 33°36 
3 26°76 25:80 24:56 24° 
4 27°20 25:80 25:00 2 2o 
5 27:72 26:20 26:04 on 
6 28-32 2744 27:20 RO 
7 34:30 31:50 2900 pe 
x 8 27:88 26-68 25:96 xe 
9 31:28 (oor) 29°52 (oor) 26-96 ge 
MN 39°13 
Group A s à 
42:79 2 
Group B 30-16 27:09 


pi difference in performance between two adjacent categories üt du A 
el of confidence indicated (Wilcoxon). 


oo e ira shapes 
that the discriminability of one pair o 
i i ble. Should 
“y depend on what other shapes are included in the experimental ensemble. l 
eee happening, it wot e ifficult to detect in the Vous rd insi) BS ES 
fact te, by comparing the results of different experimental sets of shap 
®t, the criticism could be answered. 


E the methods outlined above it will be possible to 


s ilv discriminable than left-right 
at up-down mirror images are more readily disc vertical projection, but 


i : : mmon 
Or images. (Up-down mirror images have a co 
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different horizontal ones; left-right mirror images have a common horizontal projectios, 
but different vertical ones.) Further, it may well be the case that, consequent upoa 
adopting the hypothesis that in human vision the basic analysis is in terms of horizontal 
and vertical projections, the same difficulties (i.e. of "further analysis") will come to. 
light. Should, however, this postulate be later found to be experimentally 
essentially the same system would have been suggested for octopus, rat (Sutherland and 
Carr, 1962) and man. The exploration of possibilities of this kind is the main purpose 
of the methods described here. 


The author wishes to thank Dr. J. Szafran, Dr. A. Staniland, and Dr. R. Lynn for 
their supervision, criticisms and advice with regard to this paper. 
2 ə 
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APPARENT DISTANCE IN A HORIZONTAL PLANE 
WITH TACTILE-KINESTHETIC STIMULI 


BY 
ROBERT S. DAVIDON and MEI-FANG HSIEH CHENG 
From Bryn Mawr College 


In the study of active tactile-kinesthetic space perception apparent distance has been 
found to vary as a function of the direction of the line segment in a horizontal plane. 
The present data indicate that the error is not consistently related to the same frame 
of reference as the visual illusion. Rather, with movement of the extended arm to deter- 
mine the relative distances between pairs of points, radial distances are overestimated in 
relation to tangential ones, whether parallel or perpendicular to the medial plane, Inter- 
pretations are in terms of kinesthetic stimulus patterns and the structure of perceptual 
representation. 


length can be labelled an illusion. The “error” can be of greater psychological signifi- 
cance, however, if it can be identified as an instance of a general psychophysical relation 
within a perceived field. A 

Reid (1954) demonstrated and named an “‘illusion of movement." The blindíplded 
Subject moved a stylus a standard distance to the corner of a horizontal square frame, and 
then reproduced an apparently equivalent distance on the adjacent side. ‘Vertical 
(medial) distances were overestimated in relation to horizontal (frontal) ones. Reid 
accepted this constant error in distance judgements with arm movements to be the 
complement of the visual horizontal-vertical illusion and considered the possibility that 
the former might account for the origin of the latter. 

In the visual illusion the reference for vertical is the medial plane of the head, not the 
gravitational vertical. Künnapas (1958) has demonstrated that tilting the subject's 
headi 85? from the vertical leads to a reversal of relative length of segments of the same 
L-shaped figure. He has proposed that the oval shape of the visual field may account 
for the constant errors in horizontal-vertical judgements. Modifying the shape of the 
field has had an effect, and virtually eliminating the visual boundaries by having the 
judgements made in a dark room has reduced the illusion (Künnapas, 1955, 1957). 
the constant error demonstrated in the illusion of 
the medial plane of the head or to the 


ndaries of the visual field. With active tactile-kinesthetic stimulation what para- 


horizontal plane the death 
Of the distances to be judged, parallel or ee CLE E Tadial e Ment 
E serta is ja, quotation i by a 
ovement tangential to an are with ODS at the centre, involving some adduction 

Ta E renee experiment orientation to the medial plane is varied independently of 


i i i ints to the front is compared to 
he type of movement. A distance between a pair of poin iri g € 


E hes two at the side. The same um A E ae 
‘dial distance in front, parallel to the medial plane & Ye x 
mance af the side E E to it (horizontal). Similarly, a eee SERE 
at ree’ either perpendicular to the medial plane at the front (horizon para 

at the side ("vertical"), Note Condition VIII in Figure T. 


Two contra; ted: 
ry hypotheses are tested: ; ELE 
(1) A “vertical” di ill be overestimated in relation to a horizon ; 
function is pee Yi the visual horizontal-vertical illusion. When parallel 
ee (both “vertical” or both horizontal) are compare 
Or consistent from subject to subject. - 


”), as is used for a radial 


d there will be no significant 


INTRODUCTION 
A stimulus pattern which elicits a predictable constant error in judgements of relative 
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2) A radial distance will be overestimated in relation to a tangential one, if the type 
of Am movement is crucial and Reid's findings can be generalized. When two pe 
dicular radial or perpendicular tangential lengths are compared there will be no Significant 
error consistent from subject to subject. 


FRONT 
St c St G 
I M v VI 
Ó SIDE ^ 
esi s 
OBSERVER ` C 3 > £ ] 
St C St [o 
llla IVa VII VIII 
c st c 3 


St S 
lllb IVb 
C St 


FIGURE 1 
Conditions of presentation of the standard (St) and comparison (C) stimuli. Wi 
Comparison the arrow indicates the direction of movement of the variable siyin 
the standard the arrow indicates the order in which the two fixed styli were touched, 


A significant positive constant error in Conditions I and VIII, a negative erci 
Conditions IT and VII, and no significant constant error for Conditions III, IV m Hu nd 
would confirm the former hypothesis; a Significant positive effect for Conditions IL -— 
V, a negative error in Conditions IV and VI, and no significant constant error for Con 
tions I, II, VII and VIII would confirm the latter (see Fig. 1). be 
._, With either of the above hypotheses the constant errors in distance judgements a 
interpreted as a set of functional relationships in a horizontal plane which define a gen 
characteristic of the tactile-kinesthetic spatial schema. 


METHOD 


; " 
Subjects. Ten Women, graduate and undergraduate students at Bryn Mawr o 
were paid for participation, 


; ical 
Apparatus. On a large table-top before the seated subject were two pairs E vented 
: the 


! J tof 
Design and procedure. The method of adjustment was used for each j udgemem 
equivalent distances between the pair of styli to the front and the pair at the side. 


were 10 stimulus conditions with each subject maki ted judgements under m 
condition: | The condifinusdigeed ini the Grentation er Ee oe dial po 


deter- 
nd IVb provided supplemental control i styli 


anipulation of the variable and stand 


indicated in Figure r. Conditions IIIb a 
mine possible effects of direction of m 
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Within each experimental session (day) the sequence of stimulus conditions was deter- 
mined by a random method, and two judgements were made under each condition. Data 
were obtained on five successive days for each of the conditions. 

For each subject there was one preliminary or practice session with four trials in which 
a 12 cm. standard was used and the orientation of the variable was 45° rather than o° or9o*. 

The blindfolded subject was seated and her position and chair-height adjusted so that 
both the far stylus to the front and that at the side could be readily reached by the extended 
right arm at shoulder level. The experimenter guided the subject's hand so that the 
tips of the thumb and fingers could first surround the top of one stylus of the standard 
pair and then the other. He said, “This is the standard distance," After a second 
indication of the standard distance the subjéct's hand, was guided to the styli of the 
variable pair in turn, and she was told which stylus was fixed and which movable. She was 
asked to increase and adjust the distance between the styli of the variable pair until they 
were equally far apart as the standard pair. The standard distance was always presented 
first. On a given observation the two styli of a pair could be successively touched as 
often as desired, but after an adjustment of the variable had been made, the subject could 
return to the standard no more than twice. No time limit was imposed. When necessary 
the experimenter guided the subject's hand to locate the standard and variable pairs. 


RESULTS 


The experimental treatment, variation of the orientation and position of pairs of 
points to be judged, produced highly significant effects. In a treatments by subjects 
analysis of variance: F = 24:16; d.f. = 7, 63; P < ooox. When the distances compared 
were parallel to each other, either both parallel to the median plane or both perpendicular 
to it (Conditions IIIa, IIIb, IVa, IVb, V and VI), the radial distance was consistently 
overestimated in relation to the tangential one (see Table I). In Conditions Illa, IIb 


TABLE I 
VARIABLE DISTANCE JUDGED EQUIVALENT TO IO CM. STANDARD (N = 10) 


Relation of standard and comparison stimuli 


H . : y3 | 
Orientation “Vertical”- | 


of standard horizontal Both. “vertical” Both horizontal 


Cond. | Mean Mean | s.d. 


e Radial Front| I 9:98 


Side | II 9°52 11:03 | 1°32 


0:92 


Tangential | Front| VII | 8-66 


ments were overestimates; while with a 


and VI with a radial standard 279 of 300 judge 
tangential standard, Conditions IVa, IVb, and 
estimates, 


V, 300 of 300 judgements were under- 


ca V were not signi- 

IIIa and VI and between IVa and i 

eff nt, indicating that whether the standard was at the side or front produced no reliable 
ect, 


When the standard and comparison were perpendicular to each ota ma po nos 

reves Land II here was 0 ited gon means did nor difer signifcantiy, No 
versed on different and the two condition mean d i phos 
otizontal-vertical illusion was evident. With the pairs of styli perpendicular to eac 
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other and both tangential there was a tendency to underestimate the standard when it 
was horizontal (Condition VII), but no significant overestimation when it was vertical 
(Condition VIII). With no evidence of a constant error under three of the four critical 
conditions, the first hypothesis is rejected. 

Finally, as indicated by a comparison of Condition IIIb with Condition IIIa, and of 
Condition IVb with Condition IVa, the direction in which the variable was manipulated 
or the standard touched had no significant effects. 


DISCUSSION 


The data confirm that with tactile-kinesthetic, as with visual, stimuli there are constant 
errors in relative distance comparisons which are a function of orientation within the field. 
To account for the copsisteat patterns of judgements, however, different reference systems 
are required for the two modalities. What Reid termed the "illusion of movement" is 
not simply the complement of the horizontal-vertical illusion. Without vision, whether 
the line segment is parallel or perpendicular to the medial plane is not crucial for pre- 
dicting a constant error in relativelength. Rather, the error is associated with radial and 
tangential directions within a polar schema. 

Although one might extensively measure psychophysical functions and speculate no 
further, to order future investigations of space perception, both without and with vision, 
it will be tentatively assumed that the observed constant errors reflect differences between 
the array of stimuli on the one hand, and the structure of their representation within the 
organism on the other. The term representation may refer either to the extensional 
organization of áfferent activity at a given level of the central nervous system or to the 
“phenomenal world.” 

A3 a first order explanation of the data of this experiment it might be proposed that 
actions of different groups of muscles resulting in equal displacement of the finger tips 
may be represented unequally. Lateral movements of the extended arm do involve dis- 
tinctly different patterns of muscle activation and motion at the joints than radial move- 
ments which include flexion. Further studies are required of normal perception of 
proximal distances, under varied conditions of kinesthetic and tactile stimulation. No 
systematically collected body of quantitative data exists, although there are many 
reports of size and distance distortions associated with central nervous system pathology. 

"Were the demonstrated relation between orientation and apparent distance to be 
maintained under widely different conditions of kinesthetic and haptic stimulation, in- 
cluding judgements of tactile stimuli with the observer immobile, higher order properties 
of the representation would be indicated. As in theories of visual space perception, 
relations would then be discussed in the language of field effects. 

Is there a unitary representation at some level of brain function to provide a common 
Structure for all Space perception regardless of modality? Kelvin’s (1954) first comparison 
of tactual and visual judgements of length gave similar points of subjective equality, wai 
he interpreted as reflecting a single schema. In a later study (Kelvin and Mulik, 1959 
however, when he varied the relation of the midpoint of the comparison series to H 
standard the effects were not the same for intermodal as for ipsi-modal comparisons an 
he rejected his earlier explanation. Sandstróm (1951) has shown repeatedly that undet 
conditions of restricted vision there is a consistent difference in the locus of à point in 
visual and kinesthetic space. And the present experiment, with its demonstration ofa 
different reference system for visual and kinesthetic constant errors, provides fur E 
evidence of the distinctiveness of the tactile-kinesthetic and visual representations 
This is not, however, to deny intermodal effects, nor to preclude the postulation of som! 
unitary spatial attributes under optimal stimulus conditions. 


The experiment was conducted as rted by the 
: 1 part of a programme of research supporte! 
U.S. Air Force Office of Scientific Research, May aat AFOSR 62-1. 
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APPARATUS 
NOISELESS ELECTRONIC SWITCH AND TIMER 


BY 
C. S. L. Keay* and M. RODDA} 
University of Canterbury, Christchurch, New Zealand 


In psychoacoustic testing and experimentation ‘the avoidance of extraneous stimuli is 
most important, buttthe el?mination of such cues is often difficult. A circuit is described 
which enables sound stimuli to be switched on arid off in a manner which produces no 


unwanted transient signals. The circuit may be adapted to function as a noiseless 
changeover switch. 


INTRODUCTION 
_ A common source of difficulty in designing psychoacoustic experiments is the elimina- 
tion of clicks introduced when circuits are “made” or "broken." These clicks form un- 


wanted cues and unless they are removed they may result in erroneous conclusions being 
reached. The difficulty can be avoided by the use of an appropriate switching system. 
However, electrical and mechanical switching systems require very careful design to avoid 
the introduction of clicks or other irrelevant cues whenever the stimulus is changed. 
Even so, such systems may produce transient conditions and the resulting unwanted 
frequency components may act as extraneous stimuli. ie 

The present circuit avoids these difficulties by changing the stimulus conditions 
gradually, over a period of approximately one sec. It also incorporates a timer circuit 
to simplify the experimenter's task in timing different stimuli. At the time of writing 
the unit has been in use for over a year in studying problems of pure-tone discrimination 
in rats and temporary shifts of threshold, resulting from prior auditory stimulation, in 
human subjects. Although the circuit described is only capable of on/off actions it may 
be converted to changeover operations by a simple modification. 


CIRCUIT DESCRIPTION 
The circuit (see Fig. 1) basically consists of a single valve voltage amplifier stage, |: 
amplification of which can be reduced to zero by means of a bias voltage applied ee 
Suppressor grid: the same principle as that used by Barry and Degelman (1961). 
valve chosen is a 6AU6 w 
its suppressor grid. The 9:5 microfarad capacitor attached directly to the suppressor 


&rid does not permit rapid changes in the bi It t that point, with the result tnat 
abrupt cut-off (or switch on) j Cn a pone 


any other unwanted switchin; m 
€ operation of the amplifier is controlled by the key-switch SrA/B. In bei 


33 : jer 
grid is grounded through a 1-megohm resistor, causing the ae cold 


the potentiometer P3 and switch S3 (off duration). For either condition the es 
itch clos! 


S x ol 
with the switch open. Experience has shown that this range 


tate is displayed by the small neon indic 
indicator is glowing the timer is in the 
* Department of Physics, 

1 Department of Psychology. 


| 
L 
| 
L 
| 


NOISELESS SWITCH AND TIMER 8 
253 


Brief mention must be made of t : PT 
IRAU») valve and the suppressor eu comis conte between the multivibrator timer 
hand triode section of the 12AU7 switches on, its anode caer wage, When the laft- 
2 ipm cem 30 volts nea a This change is frase rmited to the, ste Bri 
er stage via the 1N ili 1 F su sor 
instantaneously: the 0-5 AE E for goad the amplifier off, X 
al wi I 3o vola through the diode and 33K resistor o ts mte A e takes time to 
Mick CU die p ifier takes just under one second to die aw Thi d p 
clicks and sudden changes in signal level. ay. This entirely eliminates 


GAUG/EFOq ' 6CHÓ/ELB2l 


|2AU Z/ECC82 


FIGURE 1 
“Noiseless Electronic Switch and Timer." 


Circuit diagram of 


Wh 
en the left-hand triode section of the 12AU7 switches off the anode immediately 


Teturn: 

the ds pom potential. This change would, if transmitted by the 1N1763 diode, cause 

Ole Plifier to switch on very quickly because the discharge rate of the capacitor Cs is 
yel where the suppressor grid allows the 


Tapid than the charge rate at the voltage le 
the 1N1763 diode is now non-conducting 
the resistor chain consisting of the 1M, 
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1:8M, 33K and 12K resistors. The o:5 microfarad capacitor connected to earth bets 
the first two resistors further reduces the initial discharge rate and the overall resit i 
that the signal through the amplifier takes almost one second to build up to the deu 
strength. Although the distortion in the amplifier has been kept low throughoet the 
audible frequency range a very small amount of harmonic distortion during the switching 
phase may be detected if an oscilloscope is used. 

The output stage (6CH6 valve) was designed to feed a pair of calibrated earphones ar 
provide a 600-ohm output to a calibrated attenuator. The potentiometer P4 isa treble«w 
control. Other types of output circuit could just as readily be employed: the necessary 
signal being taken from the point label “A” in Fig. 1, and the circuitry to the right of that 
point is omitted. The only restriction is'that the resistance from “A” to earth shoal 
remain in the region of 100,000 ohms. 


4 x SRzsores 


FIGURE 2 


The power supply (Fig. vi is quite conventional. A transformer rating bs 2m 
current at 175 volts was used but a 20 mA rating would be amp! i 

negative supply, and for the positive supply if the output stage is omitted. The preset 
potentiometer P5 cancels any mains hum picked via the valve heaters. 


Circuit MODIFICATION 


Tu associated with the second 6AU6 amplifier must be connected to the other i 


12AU7 multivi : s Hitched on whee 
the first is switched off, ana Viro Ts second amplifier will then be switch 1 


Barry, J. J. Jr. and D ae decr 
RY, J. J. Jr. EGELMAN, J. (1961). A hi; wer noise amplifier with an 
keying system. J. exp. Anal. Behav., 4, pa a 3 
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BOOK REVIEWS 


BOOK REVIEWS 


The Behavioral Basis of Perception, By James G. Ti . New York amd Lombon: 
Yale University Press. 1962. Pp. xv + 379. 


Mr. Taylor's general aim is to expound the role of barning is veia. Her be b 


mievant, forceful, and sometimes illuminating. His more aim b to present an 
@aborate deductive system, based on conditioning. This is It was devebopad, 
be says, "almost entirely without reference to the contdbutions of other workers is the 


ipid of perception." He need not have told us that. As 
The contents of the book are briefly as follows: one traces his indebtedness to 


impulses pouring into the brain," and, on the other, unlearned reactions (p. 23), The 
stimuli may be subdivided into drive stimuli, and stimuli a the receptors. V 


position of the eyes and head, and the initial position of the ^" 
‘an produce many different afferent neural processes. This, writes Du e 
_ W one of the central problems of perception. How do these widely differing “+ 


Ml give rise to the same perception?" (p. 26). 


"m 


When the first correct movement of the ha oe li i wben the 
begins whereby the response is connected to the set of m one that occurs, 
Movement began. “Of course the successful EN à 


those other responses will 
bit the principles of conditioning enable us to deduce that bability 
eliminated, partly through extinction and partly p — ng all others, à 
c: response will be [^g immediately, pem extends to all the sets of 
Hh every reinforcement” (p. 38). presented again, 
Stimuli which precede the orn so that, when these pe og response (p. 42): de 
Eee engram is aroused, ma the — Lars 
ing, not a single chain of neurons, sense jà ew. It was 
Ploughing through Taylor's labyrinth of oe ona ee muda tá Mi is clear 
Snally resolved at this reference (p. 127) to the these phenomena. No matter what 
Bow that there is a very simple explanation = result of its position relative to 
ions the retinal image of an object may "— puri components that remain 
the eyes, the final response of handling the object has bea 
invariant pe one occasion to another. 


no 

still changing as your a of the magni! of 

fixed and determinate tness. Whenever therefore we speak be nothing 
any thing . . . we mue. the tangible s oi 


e magniuc ‘larity t etween the principles of 

Steady and free from ambiguity spoken of it. i phe Ta: lors views seem to resemble 

Conditioning and Association has often been noted, ‘and Mills and Bain. Behind the 

fely the venerable empirical tradition of BY. Se figure of the Bishop of Cloyne. 
imposing Panoply of s intoto og mala and weakness. 

storical parallel poini kem disru it is reviving, notably 

Gestalt Psychology, the empirical tradition was pea 
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in Hebb. Taylor's re-statement of it is also valuable. If he had placed it in its historical 
context, it would have gained in perspective. Even so, the experiments with distorting 
spectacles seem to provide one of the most interesting sources of evidence to date, 

But associationism was attacked, first by Ward and Stout, then by Gestalt psycho- 
logists. A revival of empiricism must remember this. How does Taylor's version deal 
with the difficulties they raised? Gestalt psychology is almost wholly neglected. Ina 
book asserting empiricism, and purporting to explain the constancies, this may fairly be 
termed astonishing. (There is also no reference to Ames, Boring, Brunswik, Kate, 
Kilpatrick, Ittelson, Lambercier, Thouless and Wallach. Indeed, he says he “took the 
deliberate decision to read no more of the current literature on perception.") Many 
points might be raised here, but the basic objection to associationism was its atomism 
or elementarism, and I am not sure that Taylor escapes this. He defines the sets of 
variables as "collections of elements" (p. 7). As I understand him, the element is 
ultimately the cortical terminus of an afferent neuron; it is this which, together with the 
other elements of the set, is linked to the response (p. 28). Now, on different occasions 
a given element would appear to belong to different sets, and is therefore linked with 
different responses. Which connection is excited on a given occasion must depend on 
which set the element belongs to. But is the element supposed to know which set it 
belongs to? Where does this crucial item of information come from? As the Gestalt 
psychologists would have said, the pattern or context must be considered. But perhaps 
I have missed Taylor's explanation. 

This is not to say that Gestalt theory was correct in neglecting learning. As Stout 
remarked, they threw out the baby (empirical explanation) with the bathwater 

. (associationism, elementarism). It is unfortunate that Taylor seems bent on recovering 
the bathwater; but his attempt to rescue the baby is an important one, and deserves 
close attention. R. B. JovNsox. 


The Broin as a Computer. By F.H. George. Oxford: Pergamon Press. 1961. Pp.413 
38. 

In some ways the problem of understanding effectively how the brain works resembles 
the problem that faced the early engineers concerning the effective action of steam. 
If we trace the action of one neurone or one water molecule we get nowhere, but a calculus 
of organization could give insight. For the steam engineer the effective study was 
thermodynamics, for the brain engineer it will be the sister science of cybernetics. 

Dr. George in the first half of his book describes and explains the equivalence of 
om mn ante cybernetics, namely (i) information theory, (ii) automata he 

nite, (iii) logical nets, (iv i igi nd (v) Ma 
aip cait, g (iv) specially programmed digital computers and (v) 

This part of the book is not easy to grasp, for it seeks to compress into a limited 
compass some rather sophisticated mathematical logics developed in a distinctly formid- 
able symbolism, not all of which is explained. The reader nevertheless will probabil 
emerge convinced that the language of logical sequences may be expressed in symbols oF 
ee F manos pody that these languages are roughly equivalent, and € 
5 o go a long way toward: ibi i f the compat 
like reactions SU ti d y towards describing the logical structure o ; 

ow the effectiveness of a method whether analytical or experimental is gener y 
Seen in its application, and the second half of the book applies D Sree: to some qua 
Soos oe E ey, and physiology. In this Dr. George has been > "n 

an his predecesso ight i rai m 
Deor EIER Ssors, for no light is thrown upon any brain proble 
Modern concepts of biological mechanis i it 
nc : m of course are dominated by the 8 
RS. idea of goal-seeking, but the mathematics of strict cybernetics are so bart A 
apply effectively to actual psychology that most analysts make no attempt, io 


They prefer to invent bogus neuron: i ifici 
e network: 1 p 
to use the names “learning,” “recognition, ee Bee forthe contrived get 


Unlike some of these, Dr. George knows 


couraging in his treatment is not so 

that had not been settled alread Seb 
be usefully applied. The models 
imitate anything you find. But models t 
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> 
sothing. Hardware is entertaining rather than illuminating. HU bernetics eti t 
give S insight into the organization of the brain surely it ae do better Gia vec 2 
uce merely what we know sig 

We certainly need the two halves of Dr. George's book, the language of organization 
and the harvest of systematic experimental Observation, but we need something more— 
a method of so combining them that new principles the principles that underly 
the actual organization of the brain. Then at last models will have some predictive 
value for, by the rules of their construction, they will logically t the Brain as a 
Computer. W. A. H. Rusurox, 


Recent Advances in Biological Psychiatry, Vol. IV. Edited by Joseph Wortis, M.D. 
New York: Plenum Press. 1962. Pp. xiii + 385. $12.50. | /5 8s. 

The title of this volume is perhaps misleading but the area it covers is explicitly 
described in the editor's introduction. Firstly it presents a picture of advances in experi- 
mental psychiatry “as they are reflected in the papers presented" at the “sixteenth 
annual convention of the Society of Biological Psychiatry" in 1961, and also records 
"symposia of timely interest" which took place at the meeting. The contents include a 
record of a joint meeting of the Pavlovian Society and the Society of Biological Psychiatry 
—nine papers—three papers on ethology, 16 papers in the field of psychopharmacology, 
and four miscellaneous papers which include a useful review of the phenomena elicited by 
double simultaneous stimulation and a review of some of the biochemical theories of 
schizophrenia. As might be expected there is something for everyone but the standard 
Is uneven. 

Probably American psychologists and experimental psychiatrists lead the world in 
their ability to publish the same material in different journals. If essentially the Same 
Work is also to be published in the proceedings of every society to which each member of 
the research team belongs, then the problem facing those who wish to keep track of 
current work in their own field will become even more difficult than it is at present, 
However, several papers in the present volume are well worth reading and it is clearly 
Preferable that the proceedings of a learned society should be published in full rather than 
% brief didactic notes. If, as with some similar publications in this country, economic 
Pressures mean authors publishing in this way are denied offprints, then the trend is 
Clearly to be deplored. ALICK ELITHORN. 


Speech and Thought in Severe Subnormality. By N. O'Connor and B. Hermelin. Oxford: 
Pergamon Press. 1963. Pp. xi +122. 258. 


Signs, Signals and Symbols. A presentation of the British approach to Speech Pathology 
and Therapy A Ed. Stella E. Mason. London: Methuen. 1963. Pp. xii+ 212. 35s. 


, With Speech and Thought in Severe Subnormality one welcomes with pleasure a book by 
Es psychologists describing experimental investigations instead of the saivideals with 
test results. By comparing the behaviour of severely subnormal individu ls with 
that of normal children of the same mental age on small discrete tasks, it is poin "s 
that there are many functions in which the two groups differ radically. - a snr 
Ivestigation may not in itself appear to add up to much but the total weig tol m eia 
E Uced gives one hope that a greater xard EA Rn re vdd s 
ions commonly called intelligence. Mar 1 ? ; 
erent Sübnormal aub PORA MUROS demonstrated illustrating, as bier pont 
ES ne danger of regarding intelligence as a single function and measuring g 
S Such as IO. E 
Asa result BY work, many of our most cherished beliefs may eae to dig emm 
Mbeciles apparently do not perceive worse in all modalities men norma -peopl e en 
Teognostic perception seems to be somewhat better), nor do zi et cicer 
have learned adequately more quickly. Moreover, the use of words xn dn E pM 
is ask quideer RN urs di B EEG wes wont during the 
ipn P task qui als until they wer 
Michal earnity period. Alar this, their ability to reverse was slowed up to the same 


Boos, ifferences 
bet... 8 result of this and similar findings, the authors suggest Es iod e carr 
tween the thinking behaviour of normal and subnormal individuals is Iq ape 
Sing © Olt the relevant features im a display, label them with med ene, 
Nithin the verbal code. Such verbal coding does not occur spon y becil 


> "X 
> 
288 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


This book indicates that many of our favourite catch-words (e.g. “concrete” and 
"abstract") may have to be abandoned. It would be a pity if they were replaced tos 
soon by other catch-words more currently OK (e:g. coding") but so long as attentios 
continues to be focused as it is here on the conditions and variables affecting behaviour 
rather than on hypothetical models designed to explain it, there is hope for the future 

In Signs, Signals and Symbols we are introduced to another side of the picture; namely 
the vast range of human activities with which speech is concerned and the number of 
different disciplines which have to be entered for an adequate appreciation of its import- 
ance. The book consists of papers read by members and fheir guests at a National 
Conference of the College of Speech Therapists held in 1961.. It skirts superficially over 
the history of linguistics, describes some öf the latest inventions for measuring phonatios 
and hearing and includes a series of accounts by Speech Therapists themselves of cases 
(predominantly stammerers) under treatment (predominantly psychoanalytic). None of 
the speakers could go deeply into their subjects in the space and time allotted but asa 
general survey of the field and of the problems involved in dealing with speech-disordered 
people, it is of value. Moyra WILLIAMS. 


Thinking: An Introduction to its Experimental Psychology. By George Humphrey. 
London and New York: Wiley, Science Editions. 1963. Pp. xi + 331. 17& 


First published in 1951, this well-known book was reviewed by Sir Frederic Bartlett 
(who first suggested its writing to the author) in this Journal, 1952, 4, 87-90. While the 
new and cheaper edition is very welcome, many will regret that Professor Humphrey has 
not revised his book to take account of relevant work carried out du ring the past 12 years, 
e.g. Bruner’s work on conceptual "'strategies" and the work of Luria and many others of 

‘language and communication. None the less, Professor Humphrey’s account of the 
traditional experimental psychology of thinking, in particular the Denkpsychologie of the 
Wiirzburg School and Selz, remains by far the best available. O. L. ZANGWILL. 


Decisions, Values and Groups. Edited by Norman F. Washburne. Oxford: Pergamon 
Press. 1962. Pp. 521. £5. 


An Interdisciplinary Behavioral Sciences Research Conference was held in 1958 and 
out of the papers and discussions that then took place, emerged the articles of which this 
volume consists. A wide range is covered. Learning-, communication-, decision- and 
organization-theory are all represented in papers by experimental, clinical and soci 
psychologists, by political scientists, sociologists and social anthropologists. The El 
is markedly towards conceptual analysis, on occasion right up to logical formalization 1 
theory. The editing of the book is minimal and to read it is like reading a volume 
Behavioral Science straight through, except that the standard of the papers is higher and 
some very long ones are included. One aim of the book was to encourage by its example 
cross-fertilization of disciplines, but few of the writers have made any concessions for b. 
sake of communication to non-specialists in their field. There seems to be some connection 
between inability to make clear, concern with definitions and co-operation in Babel- 
Projects. But individually considered, at the level at which one can understand, theré 
are some good papers here. W. H. N. Hororr. 


An Introduction to the Science of Human Behavi c. BB 
or. By J. I. Nurnberger, ©. Ð. a 
and J. P. Brady. Foreword by D. McK. Risch Tes York: Appleton-Century 
Crofts. 1963. Pp. xvi + 379. $5.95. T 
This highly competent book is divided into three distinct sections. Dr. Brady war 
- determinan 


Dr. Rioch expresses the hope that this vi “ E in bridging the 
ol tep in bri 
_ conceptual gap between the laboratory and the cling” P Maybe. o) o ZANGWILL. 


Electrical and Drug Treatments in Psychiatry. By A. Spencer Paterson. Amsterdam 
and London: Elsevier. 1963. Pp. xii + 248. 56s. jsts i0 
This is a clear, straightforward and up to date account intended for psychia 


x T 0 
practice. It will no doubt also prove informative to clinical psychologists and others x 


have to do with psychiatric i ious, the 
and sophistication of Patients under treatment. To the merely cone 


modern psychoph: istinct surprise: 
Psychopharmacology may come as a en ZANG L 
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THE EFFECT OF SOMAESTHETIC AND ACOUSTIC 
STIMULI ON THE THRESHOLD OF FUSION OF 
PAIRED LIGHT FLASHES IN HUMAN SUBJECTS 


BY 
G. HORN and P. H. VENABLES 


From the Department of Anatomy, University of Cambridge, and The Social Psychiatry 
Research Unit, Institute of Psychiatry, London 


The threshold of fusion of paired flashes of light was measured by determining the 
largest interval between two flashes of light at which they were reported as one agd not 
as two flashes. When a weak electric shock to the skin was presented at the same time 

| as the first flash, the threshold was increased compared to the threshold measured when 
the flashes were unaccompanied by a shock. As the interval between shock and first 
flash was increased up to 600 millisec., the effect diminished. A similar pattern of 
results was obtained using a click, instead of a shock as the additional stimulus. The 
effect on the two-flash threshold of varying click intensity was also studied. No retro- 
active effects of the shock on the two-flash threshold were observed. 


l INTRODUCTION z 


| The present series of experiments were undertaken as the result of certain 
observations made in the course of a study of single cells in the visual cortex of the 
unrestrained cat (Horn, 1963). Briefly, these observations were that the impulse 
activity of some cells was modified by a single weak electric shock applied to the skin 


over the animal's back, as well as by diffuse flashes of light. The latency of the 


ular response following a shock was, on average, similar to that following a flash. 


Furthermore, if the shock was made to coincide with, or to precede the flash by an 
interval of up to 590 millisec., the response of the cell to the flash was changed 
Compared with the response when the flash was unaccompanied by the shock. Thus, 
Hm evoked by somaesthetic and photic stimuli appeared to interact in the visual 
pathways, | 
It om considered that these interactions, observed in animals, might have their 
counterpart at the psychophysical level in human subjects; that a weak shock to 
the skin, if appropriately timed, might interfere with the performance of a visual 
Scrimination task. It remained uncertain, however, whether or not the results 
obtained were due to the emotionally distur’ “ng effects of shock; so a further series 
9! experiments was conducted using an acoustic "click" as the additional stimulus. 


# METHOD 


- 4) Visual task tk 
The subject in front of and a proximately three feet away from a cathode ray 

tube, the face of ee could be dandy illuminated. The intensity of each flash was 
Two flashes were delivered, one flash 


200 foot-lamberts wi ion of 5 millisec. : 
s with a duration oi 5 . 
following the other, and the interval between them could be varied by the experimenter. 
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The subject was required to press a button once if he saw one flash and twice if he saw 
two flashes. 

The threshold of fusion was determined by the following technique. A pair of flashes 
with a long inter-flash interval (LF.L) was presented; if the subject pressed twice, 
flashes with a short I.F.I. were presented; if the subject then pressed once the procedure 
was repeated with decreasing range until two I.F.I.s a millisec. apart were reached 
Flashes at these I.F.I.s were then twice repeated and if the responses were maintained 
the I.F.I. at which the subject pressed once was taken as the threshold, 

The following sequence is from a typical record: ' 

I00-2, 50-I, 90-2, 60-1, 70-1, 80-2, 70-1, 75-1, 78-2, 75-1, 76-1, 76-2, 75-1, 75-1, 
76-2, 75-1, 76-2; i.e. thresholds of all subjects couid be measured to the nearest millisee 
As the reliability of such a short procedure might be in doubt, in a preliminary experiment 
thresholds were determined on 58 subjects in two periods four minutes apart. A 
coefficient of 0-96 was obtained (Venables, 1963). 


This two-flash threshold discrimination task was used as the visual task in all the 


experiments described in this study, in each of which different groups of subjects were 
used. 


(b) Electric shock 


The shock was delivered through a pair of electrodes placed approximately 2] im. 
apart on the ventral surface of the forearm (the button for signalling the number of 
flashes was held in the opposite hand). The electrodes which were of silver were used 
with electrode jelly (Cambridge Instrument Company), which had been previously rubbed 
into the sites. Collodion cement was applied around the periphery of the electrode 
prevent the electrolyte drying out. 

The shock consisted of a square pulse ro millisec. in duration, delivered from à 
Tektronix Pulse Generator having a maximum output impedance of 1800 ohms. s 
amplitude of the pulse was 1o V. greater than threshold and ranged from 12 to 3o V. 
Similar pulse characteristics were used to deliver shocks to the cats in earlier experiments 


(Horn, 1963). 
(c) Acoustic clicks 


Clicks .were delivered through Brown type F earphones energized by square Wave 
pulses delivered from the Pulse Generator used for presenting shocks. The parameters 
of the pulse used were 1 millisec. duration and either 5 V. or 40 V. amplitude. Subjects 
thresholds for clicks were measured approximately by using o-r millisec. pulses 
determining the amplitude of voltage which produced a just audible click. This measure 


ment was used as a screening procedure to eliminate any subjects with defective hearing 
rather than to obtain an absolute threshold. 


The time interval between the first of the paired light flashes and the preceding shock 
or click stimulus was controlled using Tektronix Pulse and Waveform Generators. t 
The experiments were conducted in a room darkened except for a screened ligh 
which illuminated the timing apparatus used by the experimenter. 


Experiment x A 
The aim of this experiment was to determine the effect on two-flash threshold of 
shocks presented 0, 200, 400 and 600 millisec. before the first of each pair of we 
The order of presentation of shock-flash interval was varied for each subject accordii 
to the letters in the row of a Latin Square. The two-flash threshold, measured It 
millisec., was first determined without shocks. The subject was then warned tha 
he might receive shocks, and his two-flash threshold was again measured, though n0 
shocks were in fact given. The next four thresholds were determined, the it 
being associated with shocks in the order described above. Immediately after T 
series was complete a second threshold without shock was measured. The who 
procedure took about 20 min. for each subject. Twelve subjects took part, all bes, 
medical students. They were told that the experiment was “concerned with Mv 
and that they would receive weak electric shocks to the skin. They were asked 


e 


E 
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disregard the shocks and to report whether they saw one-or two flashes of light. 

Analyses of variances were carried out separately on the data (a) for those 
thresholds where the flashes were associated with shocks, and (6) for those thresholds 
where the flashes were not accompanied by shocks. No difference was found between 
the first threshold (mean 62-1, S.D. 9:8 millisec.) and that determined under “threat 
of shock" (mean 64:6, S.D. 10-7 millisec.). Both of these, however, differed 
[p < 0'01) from the final no-shock threshold (mean 73:7, S.D. 14:1 millisec.) at the 
end of the series. s 

s TABLE I L 

LuriN SQUARE ANALYSIS OF VARIANCE OF THRESHOLDS AT FOÜR SHOCK FLASH INTERVALS 
———————————————————————————— 


; 

Source d.f. F l P 
Shock-flash interval .. E. 3 1361 | <O-0or 
Orders .. E T “3 3 20°73 N.S. 
Subjects .. 4 > ne II 17007 Mi wk C1001 
Residual . . E x M 30 T | TW 
Total .. Ac »- Sa 47 = | pas 
Distribution of thresholds: | 
Shock-flash interval (millisec.) o 309 o 
Mean + standard deviation | y 

threshold (millisec.) 83:0 +179 | 761 + 141 | 69:2 + 144 | 67:3 +119 


Analysis of the thresholds measured when the flashes were preceded by shock 
(Table I) showed a highly significant term for the factor of shock-flash interval. 
The threshold, measured when shock and first flash were simultaneous, differed 
significantly from thresholds measured at all other shock-flash intervals; that measured 
at a shock-flash interval of 200 millisec. differed from those at 400 and 600 millisec. 
E latter two thresholds did not differ. These results are shown graphically 
mn igure I. 

The threshold for the zero shock-flash interval is greater (p < 001) than the final 
lo-shock threshold, and that for the 600 millisec. interval is less (p < 0°05) than this 
final threshold, 


Experiment 2 


sti Retroactive effects of an additional d 
mulus have been described by Howarth an , 
Mingay (1961). To test for this effect the procedure was altered so Mii E ax 
followed the first flash by 50, roo, 150 or 200 millisec. No-shock t 3 ve din 
Measured at the start and at the end of the € The ae yay oc 5 
p. arranged in Latin Square order. Four subjects were tested. . 

_ At the 50 millisec. fash«shagk interval the threshold was significantly (^ < 0°05) 


3 ^ ci als. Thresholds at flash-shock 
tervals py o es Ge schon themselves (overall mean 


intervals of r00,'150 and 200 millisec. did not di i 
Ock (overall m -0, S.D. 9:5 millisec.) whic 3 
the 5o millisee, aan b "Rien: the shock actually Di cnet e Son 
mean threshold 953, S.D. 242 millisec.) and is thus comparable to 
Interval of Experiment 1. cé 
hese two experiments suggest that when a sho 
"shes of light by less than 200 millisec. the capacity to 


on the absolute threshold to a test 
Treisman (1958) and Halliday and 


precedes the first of a pair of 
discriminate between the two 


* An v 
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flashes is impaired. There is also a suggestion that performance, relative to the 
no-shock threshold, is improved when a shock precedes the first flash by 690 
No retro-active effects were observed, 
Experiment 3 

The aim of this experiment was to determine the effect of clicks on two 
threshold, when these clicks were presented as in Experiment 1, at 0, 200, 400 
600 millisec. before the first of each pair of flashes. The procedure was simi 


that employed in Experiment 1 except that no “threat of click," analogous to f 
"threat of shock," threshold was measured. — ' 


Li 
Two-flash threshold (millisec.) 


200 400 600 


Interval between additional 
stimulus and first flash (millisec.) 


FIGURE 1 
Two-flash threshold for varying shock-flash intervals (Experiment 1, open circles) 
click-flash intervals (Experiment 3, closed circles). bes E 


preceded by clicks. 


‘No difference was found between the first no-click threshold (mean 61-3, > d 
9'5 millisec.) and the final no-click threshold (mean 65:6, S.D. 8-1 millisec). Am 


results of analysis of variance are shown in Table II. It may be seen 
with Experiment 1, there is 


interval. a highly significant term for the factor of click 
The threshold given at zero click-flash interval differed significantly from 
^ 7! gn cantly liste 
oe at all other intervals, that at 200 millisec. differed from that at 600 mie 
ut no other differences were significant. These results are plotted in Figure M | 


The threshold for zero-click-flash interval is han the 
ick thresh er 5 greater (p < 0-05) t 
Meca old, which in turn is greater (5 < 0*05) than that for the 600 n 
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TABLE 1i 
Lame Sgeake Axacyots Or VARIANCE OF TurESHOLDS AT Fous Cuick- nass iwreevars 


Due Es al 3 16054 ao < 0901 
Em | 3 i 904 oor NS 
7 | ya yoto « eot 
. 15 | » 49 | -— - 
: 31 ] — * = =i 


Distribution of thresholds: | . i ] 
dbefash interval (millisec.) o | 200 4o (on 
Mean 4 standard deviation 
threshold (millisec.) .. | 701 +120 | 6y5 t 1rt | 619 +197 9y8 + 107 
| 


It will be «een. from Figure 1 that although the mean initial thresholds of the 
wbjects in Experiments 1 and 3 are similar, the thresholds measured when the 
fishes were associated with shocks are, on the whole, greater than those associated 
with clicks. These two sets of data were examined in more detail in the following way. 
From the 12 subjects in Experiment 1, eight were selected whose initial o» 
most closely matched those of the eight subjects in Experiment 3. Latin 
‘toler was preserved and an analysis (Table IIT) comparing the two experiments was 
then undertaken 

TABLE III 
Latin SQUARE ANALYSIS OF VARIANCE OF THRESHOLDS OF Marcuep Scmjrcrs 
FROM EXPERIMENTS | AND 3 


z | 
Source | d.f. ! ALS. | i ees 
| = "ENSE ES < oot 
k/click interval . | 3 62493 ges "fl 
tion a fe d 3 
Subjects M m | 7 
Order .. y el 3 
Subjects xe oe 7 
Order .. a es 3 
ual 3 F 3 
3 


threshold | Shock-flash ; 

SS .. — — CNN 

Mean threshold Click-flash 
misc) = S 


_The mean initial no-shock threshold was 62:8, S.D. 12:3 millisec., 
iil no-click threshold was 63. SD. 95 millisec. The mean 


old (73-6, S.D. 13:7 millisec.) differed analysis shown 
®nal no-click threshold (75:6, S.D. 16:1 millisec.). The obra greater than 
able III confirm that the shock-flash thresholds are is not significant shows 
click-flash thresholds. The fact that the interaction prine at all intervals. 
the size of the threshold differences is effectively 


| £e] 
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This difference is of the same order of magnitude as the difference between the mean 
final no-shock threshold and the mean final no-click threshold. Whether this 
difference results from stimulating different modalities, or is due to differences in 
relative intensity of the two interfering stimuli, cannot be determined from the 
present data. 

The results of Experiment 3 suggested that intensity may be an important 
parameter affecting the results. The interval range between o and 200 millisec. 
unexamined in either Experiments 1 or 3 also required investigation. This experiment 
was therefore carried out with two intensities of click; 5 V. as in Experiment 3 and 
40 V., with click-flash intervals of 0, 75 and 150 millisec. Twelve subjects were used. 
all of whom were medical students. The 40 V. clicks were uncomfortably loud and 
several trial clicks were needed to allow the subject to become adapted to their 
intensity. If he blinked as a result of the click he was asked to report and that 
threshold determination was excluded. The subject was warned of the change of 
intensity. 

The interval and intensity combination were presented as before in the row order 
of a Latin Square to each subject. No-click thresholds were taken at thc beginning 
and end as before. The mean initial threshold was 63:8, S.D. 9:9 millisec. and the 
mean final threshold was 67-1, S.D. 11-2 millisec. These two values did not differ 
significantly. Analysis of variance was carried out on the click-flash threshold data 
and È presented in Table IV and the data plotted in Figure 2. 


TABLE IV 


Latin SQUARE ANALYSIS OF VARIANCE OF CLICK-FLASH THRESHOLDS AT THREE 
INTERVALS AND Two INTENSITIES 


Source af. M.S. F D 
cope ee TN 
Treatments — .. Ls en 5 1708-92 Irog -ji Sona 
Order es m. yis oc 5 15:01 0:09 | NS. 
Subjects eei Dc II 1908:27 12:33 «000 
Residual 24 "t v. 50 154:67 ae E 
Total ae T. e nS = 


Distribution of thresholds: | 
Click-flash interval (millisec.) .. on d 
Mean + standard deviation threshold 5 V. 
intensity (millisec.) .. e Sole cs 
Mean + standard deviation threshold 40 V. 
intensity (millisec.) .. bx Š 99:3 +29'2 | 87:7 + 20:6 | 670 3 ng 


enn a | 00 


o 75 150 
84:6 + 23:1 | 75:2 + 1470 | 68:9 +134 


! Subsequent t tests show that there are significant differences in thresholds between 
intensities at click-flash intervals of o and 75 millisec. Thresholds at all the intervals 
at 40 V. intensity differ significantly from each other. At 5 V. intensity only thres 
holds at o and 150 millisec, intervals differ from each other. Both zero inter 
thresholds and the 40 V., 75 millisec. interval threshold differ from the mean 0 
no-click thresholds, but no other thresholds differ from it. hold 


On one hand, therefore, the presence of a shock increases the two-flash thres 
above that resulting from the 


e 


é : i presence of a click, for allintervals. On the other hanc, 
Increasing the intensity of the click appears to affect only the short clickcfts 

intervals. The pattern of the experiments using two-click intensities !9 thes 
different from that resulting from the experiments using two modalities. 
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Discussion 


The experiments which have been described have yielded results which appear 
to bear an interesting relationship to the neurophysiological studies on the cat 
(Horn, 1963). In these it was found that the effect of shock on the response of a 
cell to a flash of light varied with the interval between the two stimuli. That is 
when the shock coincided with the flash, cells tended, on average, to fire less 
vigorously than when the flash was presented alone; when the shock preceded the 
flash by between 300 and 600 millisec. there was some indication that the response 
to the flash was, on average, slightly greater than wheñ the flash was unaccompanied 
by the shock. These results were obtained on a small sample of cells and it would 


100 


70 


Final ~ 


Initial - 


0 75 150 
Interval between click and first flash (millisec.) 
FIGURE 2 E 
Two-flash thresholds for click-flash intervals at two click intensities. 


of the changes observed. 
The important 


. Magni : : -flash interval. : 
Snitude of the effect varies with the shock-flas! have shown that electrical 


ee —————————— —— ——— ERE 
FEZSE EE T ; 
Two-flash threshold (millisec.) 
DIE EN SS 


n described in our work. of two flashes of light were obtained 


i in the cat's 
Y Clicks as well ks it is important to know whether the cells in the cat's 
| "Stal cortex el alee sini There is evidence that acoustic stimuli 
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modify activity of cells in the striate cortex of rabbits (Lómo and Mollica, 1962) and 
Dumont and Dell (1958) have found, in cats whose spinal cord had been transected 
at the cervical level (“encéphale isolé"), that the slow wave response of the visual 
cortex to electric shocks applied to the optic chiasma was modified by an acoustic 
stimulus. 

When the additional sensory stimuli occur less than 200 millisec. before the first 
of two flashes, discrimination of them is impaired; but when the interval is 600 
millisec., there is a suggestion that it is improved relative to the final two-flash 
threshold. The temporal sequence of tliese results bears a close parallel to those of 
Davis (1959) on the, "psychological refractory period." If a subject is required to 
respond to the second of two stimuli (visual or auditory), the reaction time is prolonged, 
relative to the simple reaction time to a single stimulus, when the interval between 
the two stimuli is less than approximately 200 millisec. When the interval was 
500 millisec., there was some suggestion (Davis, 1959, Figs. 1 and 2), that the reaction 
time to the second stimulus was improved relative to the simple reaction time. In 
these experiments it appears that the changes in reaction time could not be accounted 
for as a delay arising on the motor side of the response. 5 

The results presented in this paper cannot easily be related to the previous work 
on heteromodal interaction (Gregg and Brogden, r952; Treisman and Howarth, 
1959; Halliday and Mingay, 1961) since these workers measured absolute thresholds. 


It is riot clear how such thresholds are related to the two-flash threshold used in the 
present studies. 


" Mer: work was supported by a grant to one of us (G.H.) from the Medical Research 
ouncil. 
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A CHRONOMETRIC STUDY OF SOME RELATIONS 
BETWEEN SENTENCES 


BY 
GEORGE A. MILLER and KATHRYN OJEMANN McKEAN 
From the Center for Cognitive Studies, Harvard U niversity 


. 
An attempt was made to study holy people handle syntactic relations among English 
sentences by measuring the time required to convert one type of sentence into another 
Preliminary results based on rate of work in a pencil-and-paper test are briefly summarized. 
More detailed data are given for an experiment in which subjects controlled the duration 
of presentation of the sentence they transformed. Presentation times were measured 
and compared with the presentation times when no transformation was required; the 
difference between these times was taken as a measure of the additional time required to 
perform the transformation. In such tasks, an active-passive difference requires more 
additional time than does an affirmative-negative difference; when both are involved the 
additional time required is approximately the sum for the two separately. Differences 
in verb constructions, however, all require about the same amount of time, and no additive 
relation is apparent. The relation of these results to the distinction between rules of 
ormation and rules of transformation in descriptive linguistics is discussed. 


À central task of psycholinguistics is to account for the fact that the people who 
know a language can deal with an unlimited variety of novel utterances in it. On 
the basis of a very finite exposure, a normal child quickly acquires an ability to 
understand and to produce admissible utterances that are different in form and 
content from any he has ever heard or spoken before. This ability to project from 
à finite corpus of actual utterances into an infinite set of potential utterances is 
What we should expect our psycholinguistic theories to explain. 1 ^ 

If one begins this explanation, as many psychologists have, with the assumption 
that speech is a kind of response, then it is natural to assimilate to human vocal 
fesponses all those general attributes that responses are known to have in ae 
Psychophysiological contexts. In one version, for example, the principles o 
conditioning theory are brought to bear; words are treated as conditioned reflexes 
Under the control of more or less the same variables that affect conditioned reflexes 
everywhere. According to conditioning theory, of course, particular experiences 
re most simply projected into novel situations by stimulus mage pm : acl 
‘omplicated kind of projection is presumably possible if the order of elements in 

chained reflex can be varied; unfortunately, this kind of combinatorial projection, 


Which j i i mmunication, is less well explained by 
is so extremely important in human co E i E esac!” 


conditioning theory. In any case, it is by no means ob T 
ation and usa chaining are adequate to carry all the dh 
"hbosed by human language; even the most optimistic advocates of t e ppr ze 
Must recognize a considerable gap between their explanatory princip 
Phenomena of language. vat 
One attempt io elim this gap has resulted in the consideration of abstract types 


o similarity, analogous presumably to the kind of perceptual similarity that underligs 


ulus generalization; thus we have heard sabe pee Tosa 
Propositional generalization, contextual generalization, etc., before they can explain 
is but need considerable refinement and oap Up. LÀ 

* phenomena of language. 
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An alternative approach to the psycholinguistic problem begins by 
the nature of rules and rule systems. Most people believe that human langu 
governed by rules; phonological, semantic, functional, syntactic, and perhaps 
types of rules are often distinguished. If one assumes that a language user k 
not responses, but rules for interpreting and producing linguistic utterances, 
the unlimited variety of admissible utterances seems less surprising, (It 
indicates that some rules can be applied indefinitely often, i.e. “recursively, 
the formation of admissible utterances.) This approach, emphasizing rules 
than responses, also raises questions concerning similarity. In the most ge 
terms, linguistic rules are social conventions of the form, "When the same situ 
occurs again, do the Same things." Such statements would be meaningless, of cg 
if we could not recognize a new situation as similar to an old one, or if we did not ki 
what it meant to do the same things. Each rule must be supported by a syste 
recognizable similarities and differences. In these terms, even stimulus generalizat 
could be viewed as the result of applying a rule—a highly adaptive rule that p 
sumably does not need to be learned in most species. The more abstract typ 
similarity that underlie most of our linguistic rules, however, seem much 
complicated and specialized. 1 

In the present research a sentence would be presented and a subject asked 
respond with another sentence that bore some specified syntactic relation to 
If a sentence of type S was presented, he was to transform it into one of typ 
if one of type S' was presented, his task was to produce a corresponding senten 
type S. Thus, both discrimination and transformation were involved and p 
sumably both affected the times required to perform the task. How much tli 
affected the response times, of course, was strongly dependent on the relation bet 
the two types of sentences. In most cases, however, it was not the physical similan 


set of rules that were applied in its construction; we might argue, therefore, thatt 
entities are structurally related to the extent that the same rules were used 
construct both. This definition suggests the possibility that, ceteris ari 
structurally related sentences, differing only with respect to one or two rules, 
be easier to transform into one another than sentences differing with respect 
several rules, By measuring the time required to perform such transformatio 
therefore, we might hope to derive an indicator of the extent of linguistic relatedn 
the greater the number of rules that were different in the derivation of the two 
tences, the greater the number of revisions that would be required to convert o 
into the other, and the longer the transformation would take. These were | 
general assumptions underlying the measurements reported here. Note, incidental 
that this argument is in some sense the inverse of the one we usually, appl 
measunng discrimination, where the greater the difference the shorter the 4 
yere time is expected to be, 
e linguists (Harris, 1952, 1957; Chomsky, ross. 1957) have argued thal 
least two types of syntactic tan if be eae involving differe 
in syntactic rules for forming sentences, the other involving differences in 


transformation, That is, one pair of sentences may be said to be syntacti 


related because many of the same rules were involved in their formation, WA 
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another pair are related because they were derived by applying different trans- 
fermational rules to the same ing linguistic structure. Although our choice 
of the particular syntactic aspects to be studied in the present experiments was 
influenced by this distinction between rules of formation and rules of transformation. 
the results of these experiments in no sense comprise a critique or evaluation of the 
distinction. Inasmuch as the distinction is one of theoretical convenience in 
simplifying a linguist's characterization of syntax, it is not obvious that any psycho- 
logical evidence concerning the cognitive operations of the language user could be 
relevant to the question of the utility or validity of sech a distinction in 

linguistics. A description of a language and a description of actual performances 
by language users must be kept distinct, much as number theory and practical 
methods of computation are kept distinct in mathematics, and for similar reasons. 
Of course, a language user's performance reflects his tacit knowledge of the language, 
but the actual procedures whereby he attempts to comply with the rules that he 
knows are little understood. Indeed, the study of these processes 
has scarcely begun (see Miller and Chomsky, 1963). 


PRELIMINARY EXPERIMENTS 

Our first attempts to devise a chronometric method to study syntactic relations, which 
were carried out in collaboration with D. Slobin, involved a form of pencil-and-paper test 
that could be administered to groups of simultaneously; a preliminary account 
9f this work is contained in a paper by Miller (1962). * 

In the first study, we took the set of eighteen three-word sentences that can be formed 
by using He, She or It as the first word, Ait or liked as the second word, and Aim, Aer. 
9r if as the third word: He hit him, He hit her, He hit it, He liked him, etc. In 
we used the corresponding sets of sentences that can be produced from this 
Begative, and passive-negative transformations. Thus, for She 
set of basic (active affirmative) sentences corresponded to Jt was by her 
Passive sentences, to She didn’t like it in the set of negatives, and to If wasn't liked 
im the set of passive-negatives. Because the same words occurred 
sentences, it was assumed that, in order to make a correct match, the su 
to operate on the basis of their syntactic features and not on the basis of particu 

A test was constructed by taking two of these four sets of 18 sentences and 
themin two columns vertically on a page. Half of the 18 sentence pairs eva 
with one type of sentence in the left column, the other half with the other type 
column; in the right column were the corresponding members in scrambled 
the Page was presented to the subject he was asked to study a —— se 
that illustrated the kind of similarity to be tested, and he p à 

Similarities between the two columns. When the signal was yay 
tamed the page in his test booklet and began with the first sentence at top 
Solumn; he decided what the corresponding sentence should be, searched anc 
Sentence in the right column, and then placed the number of the oe 
to the left of the original sentence in the left column. He contin a 

‘hand column until, at the end of one minute, he was eee 
tumed the page and studied the instructions for the next test. dedo 
col of sentences correctly matched; from that it was possible 

e time he required per sentence. p 4 ive affirmati 
With four sets a sene d there are six comparisons to be — (1) alan pone Te 
Tatences (AA) against passive affirmative sentences (PA); (2) aN’ P A against PN; 

(o d A against passive negative (PN); (9) PL AES included that involved no 

£ against PN. In addition, four 
PBtactic differences; the subject simply read the sentence me) AN against AN; 
lo tical sentence in the right-hand column: (7) AA against AA; the 


RA 


lí 


Ẹ 


it 


of 
to 
to 


881 
H 2 
inst 


ve; 


a ronal 
A against PA; and (10) PN against PN. These control ee arora in the 
Mu tions of reading, pue searching, and writing that xi 

in ord 


sentena respect, these controls proved inappropriate: 


* 


for that _ 
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data for type S or for type S’? We decided to use the average control times for S and 
but we do not regard solution as completely satisfactory. It was assumed, b 
that the differences in times per sentence between each of the six experimental tests 
the appropriate combinations of the four control tests would provide a measure of t8 
additional time required to cope with these syntactic differences 

Sixty subjects took this battery of ro tests, plus one additional practice test at 
beginning to acquaint them with the test procedures. The results indicated that 0-18 "-—- 
additional time per sentence was required when matching AA and AN sentences, and 
0:82 sec. additional was required for matching PA and PN sentences: the average time 
required to cope with an affirmative-negative difference, therefore, was 0-50 we, 
Similarly, the active-passive difference required 3:70 sec. additional time on the a 
2-13 sec. for matching AA hyd PA, and 5:26 sec. for AN and PN. When both differences. 
were involved, the average additional time required, was 3:56 sec.; 2-25 sec. for matching 
AA and PN, and 4-86 sec. for matching PA and AN” 

Although these results were encouraging, in that they showed there was somethi 
measurable here, there were several shortcomings in this study: (1) The use of promo 
was especially unfortunate, since it unnecessarily complicated the passive transformatio 
for example, He liked her can be permuted to form Her was liked by he according to 
usual transformational rule for the passive, but then Her must be further changed 
She and he to him before the result is grammatical. These additional modificat 
probably led to a considerable overestimation of the times normally required to deal wit 
an active-passive difference. (2) The data showed great variability; some subje 
completed few of the matches correctly, and so contributed very long response times 
the group averages. Moreover (3) the control conditions used were not complet 
appropriate and a somewhat dubious average of two control tests was necessary in order 
to provide a base line against which to estimate the additional times required in 
experimental conditions when two different sets were matched. 

is something Obviously artificial about using written symbols to study linguisti 

rules, so Slobin (1964) undertook a pilot study with sentences presented acoustically an 
oe made vocally. The two directions of transformation (e.g. AA changed to 
also AN changed to AA) were measured separately for each comparison; the subject 
was not required to discriminate between the two types of sentences in order to decide 
which direction of transformation would be required. The time between the end of the 
presented sentence and the beginning of the sSubject's transformed response was measute 
with a stopwatch for eight subjects. The additional time measured in this manner y 
considerably shorter: 0-32 sec. of additional time was required to deal with the affirma’ 
tive difference, 0-82 sec. with the active-passive difference, and 1-03 sec. when be 


erences were involved. No statistically 


i "ess Significant differences were observed às ® 
function of the direction of the transformations. In order to obtain more accu 


measurements of response times, several instrumentation problems were involved, 
is ene focal procedir was not pursued further at that time. » 

4 revised and improved version of the pencil-and-paper procedure was 
explored next. Eighteen sentences were formed by taking ipea es or John as te 
subject, liked or warned as the predicate, and the small boy, the old woman, or the young y 
as the object. The procedure was much the same as before, except that the sentences 
= and the sentences 19 


and writing. Also, the control tests i 
control tests, one for each of the were design 
e same search list as the correspondi: 
control and experimental tests ved 5 
there were no syntactic differences 


be found. the sentence presented and the sen 
Again, 60 subjects were run, d tt leted in 
minute was used to estimate the time teen rake number of matches comple À 


wi 
*40 sec. on the average; 1:13 Sec: 
- when matching PA and PN. For 


LEE 
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yi 
The additional times required for the active-passive difference were 
mised from those obtained with our first pencil-and-paper tests, as 
the affirmative negative difference seemed to take . he solic taal 
t$ mote that when the 1:40 sec. required to deal with diflenceicen os 


added to the 1-65 sec. required to deal with active-passive differemom:, the pesait is 
sec, reasonably close to the 312 sec. of additional time that was meavered «hes 
of these differences were involved. These figures the very hypothe: 
that the time required for dealing with these past. cnc is mem s achtitive 
Afirmative-negative and active-passive differences are, according to some comceptions 
of English grammar, created by transformational rules, Le, the can be derived 
from the active (usually without any consantic changel, ec bd RD Bon. ts 
[with a particularly significant semantic change), by applying a special of trase 
formational rule to the abstract structures underlying these 
mepation—íormational or transformational—is debatable, on among 
aguists who accept transformational rules in principle there are many who would regard 
Begation as a preverb which, like an auxiliary verb, is introduced by a rule of formation 


Other types of syntactic similarity are not considered 
Character; for example, John liked the small boy and John had bern liking the small bey 
are not releted by a transformational syntactic rule, but are generated by different roles 
of formation (and entail a clear semantic difference). In order to this 
difference in linguistic status corresponds to any measurable difference in performance, 
therefore, we conducted still another il-and-paper study. 

From the 18 sentences constructed from John, Jane, or Joe liked or warmed the 
loy, the old woman, or the young man we cons three sets of sentences 


| 
i 


Hi 


im the verb construction. Let us "e S the Yr set one ae A for 
Past tense. Another set was deri p au 4 
Mother by adding the auxiliary verb had (hp): od a d by nating B^ had 

fhbp) For example, Jane warned the old woman in set p corresponded to Jame mas 
warning the old woman in set bp, to Jane had warned the old woman in set hp, and to 
Jane had been w arning the old woman in set hbp. Twelve tests, six experimental and six 
Control, were constructed as before, and, as before, 60 subjects were tested, mp 
Tespects except the nature of the syntactic differences among the sets of sentences, 


study was conducted precisely as before. ired when 
The results showed that on the average 0°86 sec. of a = extra was 
the sentences to be matched differ by having be constructions in uc vi were 
Tequired when p and bp sentences were matched, and 0-85 sec. x err dhe 
matched. When the difference involved the use of had in the verb, the average additional 
time required was 0-97 sec.; 0°83 sec. when matching p and hp | difer in both 
when matching bp and hbp. When the sentences to be matched bon be 
the Kitiona] time required was Ee tps an average; 168 c. p 
p, and 1-18 sec. when matching bp and hp. affirma 
These differences were dealt with slightly more ri pry! fact an toe 
Begative and active-passive differences. More significant, does not seem to be the 
Additional time required to deal with two syntactic d of 1-68 sec. 
Sam of the extra time needed for each alone; except for <4 à relatively uniform in 
Matching p and hbp sentences, all of the MS ds aug of measurement. 
tude; even this exception may well be attributa trol score for each individual 
analysis of variance using the experimental minus bse Sed than time scores) indicated 
Meach test (item scores were more nearly normally gard types in this experiment, 
t there were no significant differences between sen passive and negative sentences 
Whereas the value of F obtained in the ras peer npd -n f i studies, might be used 
Bad been highly significant. These results, if confirm al transtortbational distinction 
argue that, regardless of the status of the formationa"t are dealt with differently 
by qiPtive linguistics, these two types of saree vinto 
* people who use the language. — variabili the data 
e serious difficulty with these pencil-and-paper ege Taba subjects in 
ftom different subjects. Thus it was necessary to M in been required for a'truly 
n stable averages; much larger samp eed to was the search task. 
definitive study. A major source of this hie pet lea ey complete a search will 
ance is of no intrinsic interest, since the 


= under the best of conditions, the length 
HT 


Certain. Moreover, this source of vari 
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additional time required to deal with syntactic differences was not (in theory, at 
dependent upon the search in any way. We were extremely grateful to Donald A 
Norman, therefore, when he suggested that the sentences to be transformed should be 
presented one at a time, and provided us with equipment suitable for measuring the 
reading times and the search times separately. 


EXPERIMENTAL EQUIPMENT AND PROCEDURE 


The device used to present the sentences and to measure the subject's reaction times 
can best be described as a two-field tachistoscope, where the duration of exposure of each 
field was under the control of the subject. The top quarter of the total field displayed 
the sentence that was to be transformed; when he Was ready, the subject pressed a hand- 
held switch which iliuminated this sentence. When he had read it, performed whatever 
operations on it were required, and was ready to*search for the matching sentence, he 
pressed the switch again; this turned out the light in the presentation field and turned it 
on in the bottom three-quarters of the field, where the set of 18 sentences to be searched 
through were presented. When he found the corresponding sentence, he pressed the 
switch again, announced its number on the list, and waited for the next presentation, 

The sentences were typewritten using carbon paper in such a way that they were 
printed on the reverse side of the paper; room illumination was low enough that the 
printing could not be seen through the paper until the illumination was turned on behind 
the translucent plastic surface against which the paper was pressed by a transparent 
glass cover. Although the printing was slightly fuzzy and the contrast relatively low, 
the sentences were all quite legible to the subjects, whose eyes were about 12 to 15 in. 
from the display surface. . 

The switch controlled not only the illumination of the sentences, but also two clocks 
visible only to the experimenter. One clock recorded the time the su bject spent studying 
the presented sentence, the other recorded the time spent searching. Between trials the 
experimenter recorded these two times (to the nearest o-or sec.), recorded the subjects 
response, and changed the sentences for the next trial according to a pre-arranged random 
Order. Ten sentences in succession were tested with each syntactic difference that was 
being studied; the same instructions and search list were used throughout this sequence 
of ten trials; only the presentation sentence was changed on every trial. 

At the beginning of the experiment the following instructions were read: ‘ 

4 This is an experiment to test your ability to perform some sentence transformations 
It is important that you work as accurately and as quickly as you can. 


_ “Before each of the subtests I will place a set of sentences in the bottom section, like 
this, and then place a single sentence in the top section, like this. You can see the 
Sentences only when a light is turned on behind them. This you can do by pressing i 
button with your thumb. The first time you press it the single top sentence is lit, 
this. When you press it again, the top light goes off and the bottom one comes on 50 
you can see the set of sentences, like this. Your job is to match the single sentence af 
the top to one of the bottom sentences in the manner in which I tell you. For examp 
I will give you a list of sentences and tell you to find the sentence that means the same 
thing as the sentence at the top, but in a different form. For example, He caught 
means the same thing as She was caught by him. Before each subtest I shall give Y? 
an example of the form the sentences will take, and will give you several examples 
that you will know which transformations you are to make. You will have to transform 
sentences in both directions in these subtests. In some of the subtests you will be ak 


e a identical sentence in the bottom set, but each time I will tell you what i 
o. 


press the 


: ickly 
the transformation, press the button again, search que 
through the bottom set until you find the correct bea (the one that means the sum 
thing, but is in the required form). The important thing is to make the required dd 
formation before you press the button to start searching through the bottom set. E 
are to search as quickly as you can until you find the correct sentence. When Mo 
the correct Sentence, press the button again and tell me what sentence it is. Then 
until. I put in another single sentence, Remember that you must be accurate aS bi 


fast, for I am measuring the amount i sa 
, fo of resse: 
ape ae ee time that elapses between button p: 


The first set of ro sentences was a practice trial and the data were discarded. 
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each experiment ten subjects were run individually; they were al! undergraduate students 
at Radcliffe College and Harvard University whose first was English. They 
were paid $1.50 for the experimental session, which generally lasted about one hour. 

The test materials were precisely the same as those used in preliminary experiments 
with pencil-and-paper tests: eighteen sentences were formed by taking john, Jane, or 
Joe as the first word, liked or warned as the second, and the small boy, the old woman, 
or the young man as the final phrase. In Experiment 1 three other sets of eighteen 
corresponding sentences were formed by taking the negative, passive, and passive- 
negative forms of each sentence in the original set. In Experiment 2, three ot sets 
of eighteen sentences were formed from these by adding to the verb be, had, or both. 

From these sets of sentences search lists were formed’ For example, if the difference 
between active-negative (AN) and passive-negative (PN) semtenceg was to be studied, 
the AN member of half the pairs and the PN member of the other half of the pairs would 
appear on the search list, For the experimental condition, the corresponding members 
of these pairs would be presented as single sentences to be transformed; in the control 
conditions, the same search list was used, but the sentences presented singly were 
identical with the sentences on the search list and no transformation was required. (In 
this control, different (i.e. transformed) sentences were presented singly and the same 
search list was used as in the experimental condition. A good case can also be made, 
however, that the control condition should present exactly the same sentences singly 
and use a transformed search list. Our choice was dictated by our desire to obtain data 
comparable to those obtained in the pencil-and-paper tests, but the methodological point 
involved deserves further investigation.) HT wi i 

In each experiment 13 subtests were given: one initial test for practice, six experimental 
tests comparing all possible pairs of sentence types, and six control tests involvitg no 
syntactic differences between the sentence presented and the sentence to be found. 
The order of the experimental and control tests was scrambled for each subject, but care 
Was taken not to run an experimental and its own control test in immediate succession. 


RESULTS 


The data of major interest are those for the presentation times required to read 
and transform sentences prior to beginning the search task, but let us glance first 
at the search times. Search averaged about 4:5 sec. per sentence, with considerable 
variance; differences between the times required to search under experimental 
conditions and under the corresponding control conditions ranged from —0-22 to 
róg sec., with an average of 0:67 sec. for the first experiment and 0:31 sec. for the 
second: No intelligible pattern could be discerned in these differences as a function 
of the syntactic variables involved. Perhaps some pattern exists, but search times 
are variable and a sample of more than ten subjects would be required to reveal it. 

* discarded the search data, however, not only for statistical reasons, but also 

cause we had no theoretical justification for believing the search times are relevant 
fo the syntactic variables that are the central object of this research. — 

. The average presentation times that the subjects required in pis cs I nd 
given in Table I, along with the differences between the experimental and i boa x 
conditions that we have taken as a measure of the additional time m ved in 

ealing with the syntactic differences among the sentences. All these differences 


(except. for PA — PN) are significantly greater than zero at the 0:05 level. The 
Matrix of differences 2 reasonably symmetrical, which confirms Slobin s i cse auod 
; important factor influencing the 


that the directi sformation is not an inr : ; 
"sults. f we aver aaa directions, therefore, we obtain the ha eo eam 
An additional 0-42 sec. was required to deal with the qus Ne oa d PA 
Eo E When matching AA and AN eiit a“ dot Side CETT 
N). um S c. was require 
Uer (oS suc, hen matching AA and PA sentences, and rioz see, when 
Matching AN and PN). When both differences are involved, the a d 1:82 sec. 
"IQüired is 1-53 sec, (1:24 sec. when matching AA and PN sentences, an 
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AVERAGE PRESENTATION TIMES IN SEC. FOR EXPERIMENT 1 
Rows are labelled according to syntax of sentences presented; columns are lab 
according to syntax into which it had to be transformed (experimental condition} 
which also occurred on the same subtest (control condition). 


Experimental: AA AN PA PN 
AA — r8r 2:20 2:49 
AN 2-08 -— 3:60 2:73 
PA 2°51 35? ^, E 2:20 
PN, "H7 2:72 2:37 = 

Control: ^ 
AA — 1:42 1:46 1:35 
AN 1:68 — 1-80 1:70 
PA 1:63 1-68 — 1:80 
PN 1:58 1:73 1:93 — 

Differences: 
AA — 0:39 0:74 1:14 
AN 0:40 — 1:80 1:03 
PA o:88 1:83 — 0:40 
PN r34 0:99 0:44 — 


whén matching PA and AN). If we add the 0-42 sec. additional time required fi 
the affirmative-negative difference to the o-9r sec. additional time required for th 
active-passive difference, we obtain 1-33 sec., somewhat less than the 1°53 
actually observed when both differences were involved. 

Note that we have calculated here differences between: (a) the time required 
read 5 and transform it into S’, and (b) the time required to read S (when S' migl 
have occurred). It is also possible, of course, to calculate the differences betw? 
(a) and (c) the time required to read S’ (when S might have occurred), by subtract 
the transpose of the control matrix from the experimental matrix. When this 
done, the matrix of differences is no longer symmetrical; it always takes more time 
according to this calculation, to transform a longer sentence into a shorter one thi 
vice versa. We assume that this asymmetry is due to the fact that differences! 
reading times as a function of sentence length are not properly controlled in t 
(a-c) comparison, and for that reason we have instead presented the (a-b) compat” 
in these tables. i 

Note also that we might have used for our controls the average times required 
read S, where the average is computed over all the three alternative contexts in Wis 
S was tested. The differences in reading times as a function of context in the cont 
tests were not statistically significant, so such averaging for each row would P 
justifiable. When this is done, however, the matrix of differences remains S¥™ 
metrical and the interpretation of the results is unaffected. 


variables. All these differences (except for hp—p) are significant at the 005 leva 
Once again we see that the matrix of differences is reasonably symmetrical—alme® 
uniform, in fact, except for the p-hp entries. Averaging as before, we obtain m 
following figures. The additional time required to deal with the occurrence 0". 


occurrence of be, both when matching p and bp and also when matching hp and a 
sentences. When both had and be were different, an additional 0-60 se ™ 
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required; 0-53 sec. when matching p and hbp sentences, and 0-67 sec. when matching 
bpand bp. There is little hint of additivity in these data. 

As in the preliminary studies, error rates were around four per cent; errors did 
pot seem to be more frequent on the more difficult comparisons, but there were too 
few errors to establish any clear trend. Trials on which errors occurred were omitted 
in computing the averages presented in Tables I and TI. 


TABLE II 


AVERAGE PRESENTATION TIMES IN SEC, FOR EXPERIMENT 2 
Rows are labelled according to the verb construction 6f thejsentence presented; 
columns according to the verb into which it had to be changed (experimental condition) 
or which also occurred on the same subtest (control condition). 


Experimental: h hbp 
P p x 148 ka 1:82 

hp 1:72 — 231 2:06 
bp 1:94 2:14 — ru 
hbp 2:26 2:37 2:22 — 

Control : 
p — 1:33 1:26 140 
hp 1-60 — 1:64 145 
bp 1:29 1:47 — 152 
hbp 1:63 1:73 1:72 — . 

Differences: 
p — 0:25 0:62 042 
hp 012 -— 067 obi 
bp 0:65 0:67 — 0:59 
hbp 0:63 0:64 0'50 og 

DISCUSSION 


. The general pattern of the data is much the same as that observed in the pre- 
liminary tests. In Experiment 1 the passive construction took more additional i» 
the negative, and both together required about as long as their sum separately. 


Processing is taking place. Also, as before, we note in Experiment 1 that matches 
E active affirmative “a meee 
€) than ing matches 
Sentences: Ne AN-PN; AA-AN less than PA-PN ; and eren 
lss than PA-AN. This consistent bias sere a oue ec da sentences 
May in some sense be psychologically primary an co - E 
In the results of e uinen ie note that all the conditions pete (€ 
mately 0-6 sec. additional time, except for the p-hp comparison, w' a be im 
only 0-2 sec. This p-hp comparison was the only one of the six £s in ^ UE 
‘simple insertion or deletion of a single word, e.g. John liked er dia dr 
AD liked the small boy. In all the other cases tested, er em aide 
complicated and necessitated substitutions, e.g. in John was liking 


John had been liking the small boy, the subject must interchange was and had been. 
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It would seem, therefore, that substitution is more complicated (takes longer) tham 
insertion or deletion of a single word. 

Under the conditions of Experiment 1, we can conclude that the processing time 
is about one second longer for passive than for active sentences, and about 0*4 Sec. 
longer for negative than for affirmative. With this chronometric method, therefore, 
it might seem that the passive transformation takes a second and the negative takes 
0-4 sec. to perform. If we were to leave the matter at this point, however, with the 
implication that these reaction times are characteristic of passive and negative 
constructions wherever they, occur, the description would be dangerously over- 
simplified. 1 E 

The difficulty cin be illustrated by reference to related studies. Wason (1959, 
1961, 1963) has reported that the time required to evaluate the truth of a sentence is 
more affected by its syntax (affirmative or negative) than by its truth value (true or 
false). If negation has a delaying effect in Wason's experiments, then, on the basis 
of the results reported here, passive constructions might be expected to cause even 
greater delays. However, McMahon (1963) has measured the times required to judge 
whether written sentences were true or false ; in a series of three experiments 
McMahon found that passive constructions took only o:1 to 0:2 sec. longer to judge 
than did corresponding active constructions of equal length, whereas negative sen- 
tences required from 0:3 to 0:5sec. longer than affirmative. When McMahon's 
resuits are compared with those reported here, about the same amount of additional 
time is required to deal with negative sentences and the pattern of linear additivity 
is roughly maintained for PN sentences, but the predicted severe difficulty of the 
passive sentences was simply not observed by McMahon. Measured in this manner, 
therefore, active and passive sentences seem more closely related than affirmative 
and negative. ; 

This result has been confirmed by Slobin (1964), who tested adults and children 
from age 6 to 12 years by presenting pictures and speaking true or false sententes 
about the pictures. At all ages the negative sentences took longer to evaluate than 
did the passive. Moreover, Slobin noted that when there is little chance of confusing 
the actor with the object acted upon, passive could be evaluated just as rapidly às 
active sentences. That is, for "reversible" sentences (e.g. John hit Jane or J ane hit 
John), adults required o-1 5 sec. longer to evaluate passive than active forms, confirming 
McMahon’s results which were also for reversible sentences. But for “non-reversillé : 
sentences (e.g. John ate lunch, but not Lunch ate John), the passives did not take any 
longer than the active versions of the same sentences. Slobin suggests that the 
difficulty in understanding reversible passive sentences is probably attributable © 
the necessity for remembering which noun phrase is the actor, a difficulty that 5 
solved semantically in the "non-reversible" sentences. t 

Taken together, these two sets of experimental observations strongly sugs% 
that the additional times were spent largely in semantic rather than syntactl 
operations. Obviously, only semantic operations were involved in the verb o: 
structions of Experiment 2 (except for the apparently artificial p-hp comparison, " 
noted above). In Experiment 1 the negative transformation is clearly semante. 
effect and it seems to take about 0-4 sec. in both the matching and the evaluating 
tasks; in fact, the negative need not be considered a transformation at all, but p e 
regarded linguistically as a preverb—as part of the verb construction, just as m | 
case of the auxiliary verbs be and have. In an evaluation task the passive, W s 
does not involve any semantic change, does not take any additional time unless P d 
15 some potential source of semantic confusion (e.g. the possible reversal of su à 63 
and object). In sum, the only main effect we cannot attribute to a semantic oper? 
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js that observed for the active-passive difference in the matching task, But even 
this difference is questionable. Is this extra time spent in performing a normal 
syntactic transformation? Or is this relatively long additional interval devoted to 
some artificial, non-syntactic, non-semantic permutation invented by the subjects 
just to satisfy the somewhat unusual requirements set by this particular experimental 
task? Surely the latter interpretation is no less compelling than the former. 

The only clear evidence left that syntax contributed to the measured reaction 
times would seem to be the fact that matches involving active-affirmative sentences 
always required less additional time than did the corresponding matches not involving 
them. This result might be expected if every sentence interpreted (or produced) 
required a complete syntactic analysis (or synthesis), and if the active-affirmative 
sentences were syntactically simpler and so required less additional time for their 
analysis (and synthesis). This is, in essence, what a transformational theory says: 
passive, negative, and passive-negative sentences contain all the same syntactic 
rules as do active-affirmative sentences, plus one or two more which increase their 
complexity and require a little more time for interpretation (or production). If we 
base our estimates of the times required for syntactic transformations on this argu- 
ment, the results are of the order of o-1 sec. or less per syntactic transformation, 
and the observed bias is reasonably well accounted for. It should be well noted, 
however, that these syntactic operations are a normal and regular part of under- 
standing and producing sentences and are not distinctively involved in the pftsent 
experimental task of converting one kind of sentence into another. : 

The general impression we have formed of how people perform syntactic 
operations in normal usage is that these operations are quite automatic and in- 
Voluntary, as are most of the information processes that psychologists have postulated 
to occur in perception or in motor skills. Any deliberate and explicit control that 
à person can exercise over these linguistic operations is principally, and perhaps 
exchusively, at the semantic level. 
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STIMULUS SET AND RESPONSE SET: 
THE ALTERNATION OF ATTENTION 


BY 
D. E. BROADBENT and MARGARET GREGORY 
From the Applied Psychology Research Unit, Medical,Research Council, Cambridge 


Recently Gray and Wedderburn showed that if a meaningful phrase of three words 
was presented together with three digits, in such a way that each ear received some 
items of each of the two types of material, it was no harder to recall the items grouped 
by type than it was to recall them grouped by ear. This finding is repeated and confirmed 
in several forms, culminating in the use of three letters of the alphabet and three digits 
asthe six items presented. It is also shown, however, that even when all material is 
presented to one ear, it is harder to recall a list made up of alternate items of two classes 
than it is to recall the same items arranged as two successive sub-lists. Thus Gray and 
Wedderbura’s result does not appear to reveal a situation in which alternation of 
attention between the ears is especially easy, but rather one in which continued attention 
to one ear is especially difficult because it requires alternation between classes of item. 

A further series of experiments showed that a reduction in the presentation rate of 
stimuli produced a much greater improvement in performance when the items wgre of 
two alternated classes than when the classes were left separate. Equally, a slow presenta- 
tion rate is more helpful when alternation between ears is required than when each ear 
is to be dealt with separately. These results support the idea that attention takes time 
to shift; but require a separate kind of attention, to a class of item rather than to a 
Source of stimulation. 


INTRODUCTION 


, When two lists, each of three digits, are presented simultaneously to separate 
farsat speeds greater than one digit per ear per 1j sec. it has been found (Broadbent, 
1954; Moray, 1960) that recall in successive order (i.e. all stimuli on one ear followed 
by all those on the other) is superior to recall in alternating order (L RL RL R). 
Broadbent has interpreted these findings in terms of his filter theory. On that view 
à filter selects stimuli on the basis of some common physical characteristic such E 
arrival on the same sensory channel, and time is necessary to change from one chann 
another. In the above situation when the interval between pairs is shorter a 
1l sec. there is not supposed to be sufficient time available for the filter to swit 
from one ear to the other and back again, and so successive recall is easier. : 
Gray and Wedderburn (1960) have questioned the generality of this Sime 
They suggested that since the material—single digits—ofiered no further ji ee 
souping, other than the ear of arrival, the superiority of successive recall ae pot 
Necessarily reflect some built-in mechanism. Such grouping may be v y " 
ptimal strategy for this situation, based on past success in devis pA x a 

om one ear as a continuous message, since in everyday life the sources o ER yra 
Messages do not change position repeatedly. In support of their EES aha 
devised an. experiment in which subjects were. presented with eror PU m m 
. thtee monosyllabic words, the words alternating between the two vu een 
ge poing presented sime bos Ds Ee qd iene im tp 

nt 3; left: . More complete FA 
Order 4 recall E E by meaning, ie. three words iooi - ad E 
an when the grouping was by ear of arri This saperon y a n ed 
Meaning was more marked in subjects who had been informed tha 


| Made up a phrase. 


à 
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In view of the interest of these results, the present authors have carried ost a 
series of experiments to obtain more information about the conditions under wach 
the effect appears. 


PRELIMINARY EXPERIMENTS 


Two studies, each of twelve subjects were conducted to rule out artefacts which 
might possibly have entered into the procedure used by Gray and Wedderbum. 
Since in fact the results showed that the effect still appeared under the modified 
conditions, these experiments are not reported in detail. The differences from the 
earlier report were as follows, The subjects were required by instruction to respond 
in one order during one session and the other order in the other session, rather thas 
leaving the recall order to the preference of the individual subject ; and the vocabulary 
of words used in the meaningful phrases was confined to a few definite words. These 
were so chosen that any of the words occurring in the first position could be combined 
with any of the other words in the second or third position: thus hearing one word 
did not improve the listener's chance of guessing any of the other words. Neverthe 
less it was at least as easy to report the items grouped into digits and phrase asit 
was to report ear by ear. 

i lp the second study, two phrases, rather than one phrase and three digits, wert 
in in the style of Gray and Wedderburn. Once again performance was, if 
anything, better when phrase by phrase recall was employed. Thus the effect does 
not seem to be due solely to the use of different vocabularies such as digits and words 
However, two important new points arose from these preliminary experiments. 

Firstly, it was clear that performance in the ear-by-ear condition was far worst 
than it was in the original experiment of Broadbent (1954), although the apparatus 
and subjects were similar and the vocabulary was a small and known one. 
een of performance was also notable in Gray and Wedderburn's results, but as 
Broadbent no clear interpretation could be put on the fact.) It thus appeared 


meaningful phrase can be reformulated by the listener into a single unit, such as 4 
visual image, in a way that three isolated words cannot. From the results re 
by Miller (1956) this would mean that better performance would be expected ew 
for items all arriving 
units rather than 


but the point is fairly obvious once it has been made. This advantage would 
against any difficulty of shifting attention in Gray and Wedderburn's ex Til 
and would make it impossible to tell whether such a difficulty exists or not. : 
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two nnel Ferrograph tape recorder was used, each channel betag 
el head-sct. All subjects were Naval Ratings, and eub tworbed m ds is 


lems being presented to the listener and the t recorder being stopped 
wrote down as many of the items as he could nd The 2 presentation 
D items per ear per sec. Ten such trials made Tos day's session: before tbe 
7 bject and, in Groep ls, two 
be trials were given and the responses corrected. Thesu used in Group La 
d no previous experience with this type of task; those in Group Ib had served 
in the second of the preliminary studies. 
P la (10 subjects). In this group three of the six items in each list were letters 
t were digits. A letter presented to one ear was simultaneous with a digit to 
ear, and the type of item alternated between ear, eg. 


Right A4] 
Left 1:F9 


fhe letters were chosen from the first 13 letters of the alphabet omitting B, G, and I: 
he digits from random number tables. No letters or digits occu: twice in the 


"same tape was used in both conditions but in one session the listeners were 
to write down all items on one ear before any on the other ear. In the ther 
the instructions were to recall all letters first and then all digits. 

Id (12 subjects). In this case only the right-hand ear was stimulated. In one 
tion each trial consisted of three colour names followed by three digits. The colour 
S were chosen from the following: red, white, orange, green, , blue, pink, 
"and grey. As before, selection was random subject to the constraint that no item 
red twice in the same trial and each colour name occurred in at least three trials. 
Istructions were to write down the items in the actual order of arrival, eq. red 
POrange 496. 

"the other condition the recording consisted of the same items in each trial, but 
fed with colours and digits alternately, e.g. red 4, white 9, orange 6. As before 
Sts were to write down items in the order of arrival. 


lts and discussion 

Tesults are shown in Table I. It will be seen that in Group Ia recall ear-by-ear 
Only just superior to recall of letters and digits separately: the difference "m 
"insignificant, ^ > 0-2 both for sign test and by the more sensitive method Ü 
E Session 2-Session 1 for each subject and computing a Mann-Whitney 


m F about one-third of 
h conditions give a very poor level of performance ( 4 
ned in Experiment II or in Broadbent (1954) by subjects performing 
recall of six digit lists). 27 * 4 3 
p Ib, alternating classes of item is clearly inferior to grouping the items 
type, p < 0-004 by sign test.* But alternation of classes of Sr is mn et 
Ta when they perform ear-by-ear recall. It is not we cane Den M ae 
type of recall is much worse then it is in similar situations Modes un 
ind also that it shows no superiority over E sears . h 
course a considerable difference between the gen performance 


ii i similar findings had 
uent to this experiment, the MC as and by P . Rabbitt. Further- 
ained in unpublished work both by R. Conr Experiment I (a) have been 
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TABLE I 


EFFICIENCY OF RECALL FOR MIXED LETTERS AND DIGITS WHEN PRESENTED DICHOTICALLY 
FOR RECALL IN DIFFERENT ORDERS, AND WHEN PRESENTED MONAURALLY IN DIFFERENT 
ORDERS 


(a) DicHotic PRESENTATION—EXPERIMENT I(a) 
PER CENT. CORRECT 


} 


Order of recall | Complete lists | Leiter items | Digit items Mean items 
Ear-by-ear A 20 | 58:3 | 75:3 66-8 
Letters/Digits .. | 


18 | 57 gi 66-6 618 


(b) MONAURAL PRESENTATION—EXPERIMENT I(b) 
PER CENT. COMPLETE Lisrs CORRECT 
3 Colours/3 Digits Colours and Digits Alternated 
96 80 


Group Ib and that in Group Ia: 80 per cent. and 20 per cent. respectively for the 
conditions requiring alternation of types of item. Dichotic presentation normally 
produces an impairment of this type, which was shown by Broadbent (1954) to occur 
even when the digits to be recalled were simultaneous with quite irrelevant digits 
to the opposite ear. Thus it may be ascribed either to cross-lateral masking or to 
distraction. The effect of alternating between classes of items is superimposed on 
that of dichotic presentation, and appears to be about the same size in dichotic and 
monaural cases. To make this comparison, we should transform the various pêr- 
centages to probits in order to avoid the limiting effect of perfect performance. 
After such transformation, the difference between the two conditions of Group Dj 
is of approximately the same size as that between the performance of Group la 
and the level reached in Experiment II for homogeneous dichotic material. 

One may conclude that the Gray and Wedderburn effect shows that it is difficult 
to alternate attention between two classes of material just as it is to alternate between 
ears. It does not show that alternation between ears is easy given additional cues 

2 
EXPERIMENT II: EFFECTS OF PRESENTATION RATE UPON ALTERNATION OF WORD 
CLASSES AND OF SENSORY CHANNELS 

As has been said, Broadbent explained the difficulty of alternating between ears 
as due to a time taken to switch attention, and attempted to support this by demos 
strating that recall in an order alternating between ears was easier when the 
presentation rate was slower. If a similar explanation is to be advanced for the 
difficulty of alternating classes of word such as numbers and letters, it ought similarly 
to be possible to show that alternation is easier at slower speeds. However, it has 
been well pointed out by Moray (1960) that the original experiment of Broadbent 
(1954) was at fault in that the effects of presentation rate were only considered using 
an order of recall alternating between ears. Moray demonstrated that even T° í 
ear-by-ear Improves when presentation rate is low and that therefore the effect 0 
rate might be a general feature of memory rather than one specific to alternation 
between ears. It needs to be shown therefore that the effects of slowing presentati 

rate are more beneficial when alternated classes of words are being heard than he 
groups of words of the same class are presented together. The following experime" 
was therefore designed to examine this question. 
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In addition, the opportunity was taken of reopening the original question of 
switching time between the ears. Just as Broadbent (1954) used only alternating 
order of recall, so Moray (1960) only used ear-by-ear recall. The question remained 
open whether a slow rate of presentation was more advantageous for one order of 
recall or for the other. 


Method and procedure 


Using the same twin channel Ferrograph recorder each channel being connected to 
one of the phones of a split headset, two types of material were presented. 


(1) Dichotic lists. This was the same material used by Broadbent (1954) to show that 
recall when alternating between channels is improved by,.slower presentation rates. 
It consisted of 24 lists each of three pairs of digits, each pair being presented simultaneously 
and dichotically. The rate of arrival of the pairs was varied systematically: lists 1-3 
had one pair every 2 sec., lists 4-6 one pair every 1} sec., lists 7-9 one pair every 1 sec., 
lists 10-12 one pair every sec. In the second half of the tape the order was reversed, 
each triplet getting slower until the original speed of one pair every 2 sec. was reached. 
Thus there were six lists at each of the four speeds; three in the first half of the tape and 
three in the second. The subject was warned before each change of speed, 


(2) Monaural mixed letter and digit lists. Two sets of 24 lists were prepared, each 
list having three letters and three digits and being presented to the left ear from one 
channel of the recorder. The letters were selected from the first 12 letters of the alphabet 
omitting D and I. In one set of lists the letters and digits were arranged successively, 
ie. three letters followed by three digits, and in the other set they were arranged alter- 
nately. The speed of presentation varied systematically in the way described ‘above 
except that the time intervals given were between individual items and not pairs of items. 

Fifteen subjects were tested, all Naval Ratings. Each subject received the 24 
dichotic lists: seven subjects were instructed to recall in alternating order, that is, both 
members of the first pair followed by both members of the second and then both members 
ofthe third. The other eight subjects were told to recall all that they heard on one ear 
followed by all that they had heard on the other. (The first two subjects in each of the i 
above groups were in fact tested on two successive days, having the other condition on 
their second day, but transfer effects were found to be too serious to continue this 
Procedure.) F 4 digi 
_ Ten of the same subjects were presented with the monaural lists of letters eo ion 
immediately after they had received the dichotic ones. Five of the SMS T io : 

n required to recall the dichotic lists in alternating order, were given the alternating 
Presentation of letters and digits. The other five subjects, who had just been = ss 
ye were given the successive prensittanen S Gane Before eac 
of 24 lists the subject was given one practice list at the slow > X 
* As before, subjecta mic down Their answers at the end of each lieo e qudd 
pte switched off as soon as the subject started writing. They were no 

Saps or make corrections. : : ; 

For reasons which will be given in the results section, a further group s "e oed 

members of the scientific staff of the A.P.R.U., were presented with M umm 
all-digit lists. The subjects were tested on two successive days: hal et Ease nd aay. 

* ear-by-ear order on their first day and the alternating order jon peared to be little 
The other three subjects were tested in the opposite order. There ter TIU ib: 
Wansfer in this case, possibly because all-over performance was mu : 
Iects gave their answers verbally instead of writing them down. 


Results 


It) Dichotic all digit li 
7 git lists " in 
(a) Naval Rating subjects. The mean performance for jet tr 
Table II. It is obvious that when alternating between the ears bette qn the fastest 
at the slowest speed whereas when recalling ear-by-ear they do a were wholly 
Peed. Two methods of scoring were used: the number of lists w 


is regarded 
"rect, and the number of individual digits correct. me eR cuis 
€ present authors as unsatisfactory because it does not co ‘ 


Strategy, but it is the one used by Moray. 
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TABLE II 


PERFORMANCE UNDER ALTERNATING AND SUCCESSIVE CONDITIONS FOR MATERIAL 
DIVIDED BETWEEN THE Two EARS AND FOR MATERIAL DIVIDED BETWEEN Two CLasses 
or ITEM 
(a) PER cent. Lists CORRECT 
es 


Alternating Successive 
Slow Fast | Slow Fast 
-+ " 1 T ——— 
rper | Y per | x per | x per | x per | x per | x per | 1 per 
Items per ear per sec. y 2 sect | 1 sec. | x sec. | 3 sec. | 2 sec. | 1} sec. | 1 sec. | bsec. 
Dichotic lists Naval | | | 
Ratings .. —..| 33:3:| 23:8 23:8 | 14:3 | 35-4 | 271 | 375 | 583 
Dichotic lists Lab. | |- a 
subs. K -| 917 | 778 | 472 | 333 | 694 | 667 | 583 | 667 
Monaural mixed class | all | 
lists fis | 933 93:3 90-0 70:0 83:3 86:7; | 83:3 | 100 
| | | 


" (b Per CENT. ITEMS Correct 
er eee 
Alternating Successive 

Slow Fast | Slow Fast 


Iper | rper | 1 per | x per | x per | x per | x por | 1 per 


Items per ear per sec. | 2 sec. Ij sec.| x sec. | b sec. | 2 sec. | xy sec. | 1 sec. | Ẹ set 
| | 


Dichotic lists Nava | "e 
Ratings .. «| 682 | 60-7 64:3 532 743 757 78:5 | 899 
nein) I LII 


Dichotic lists Lab. 
subs, P I 
pee Ae See 
Monaural mixed class 

lists 3n 


972 | 90:3 | 8r5 | 759 | ozi | 880 | 838 | 880 


955 | 98:9 | 978 92:2 | 961 96:1 95:0 | 100 
So eee EE a esM ("n os 


If we take the whole-list score first, and compare the performance at the slowest 
speed (one item/2 sec.) with that at the fastest (one item/} sec.), we find that of the 
seven subjects who had the alternating recall condition, five did better at the slow 
speed and two showed no difference (b < 0:05 one-tailed.) On the other hand, 
of the eight subjects who recalled in successive order, six were better at the fast spee 
and again two showed no difference (b < 005 two-tailed). The difference between 
the two recall orders in number of subjects doing best at fast and at slow rates 18 
significant by the exact test for a 2 x 2 table (b = oox two-tailed). n 

If we take the number of individual digits correct, then in the alternatingeconditio? 
five subjects were better at the slowest speed and one was worse. In the success? 
condition six were better at the fastest speed and one worse. Ina 2 x 2 table Hs 
difference is only significant at Pp = 0-05 (one-tailed test). If, however, we take B. 
difference between the number of correct items at the slowest speed of presentation 
and that at the fastest, and compare the two groups of subjects using the Mann 


Whitney U test then the difference between the two methods of recall is significant 
$ = 0:004 (two-tailed). 


L 
ALTERNATION OF ATTENTION 315 


(b) A.P.R.U. subjects. It will be recalled that Moray found an improvement in 
the performance with ear-by-ear recall as presentation rate slowed down. Since the 
Naval Ratings showed the opposite effect, subjects more similar to Moray's were 
tested in an attempt to resolve the discrepancy; they also spoke responses as his 
subjects did instead of writing them. 

When alternating between the ears these subjects behave in much the same way 
as the Naval ratings except that their over-all level of performance is higher. Out 
of six subjects, five do better at the slowest speed than at the fastest and one shows 
no difference (5 < 0-05 one-tailed by sign test). When recalling ear-by-ear, however, 
the group shows no difference between the speeds, three doing better at the fastest, 
two worse and one showing no change. Mean performance is better at the slow apeed, 
asit was in Moray's paper. Nevertheless, taking the difference between performance 
(as measured by whole lists or by digits correct) at the slowest speed and that at the 
fastest, the, figure is more positive in the alternating condition in every case (5 = 
0032 two-tailed). Thus for these subjects also, a slow presentation rate confers 
more of an advantage when alternating between ears than when recalling ear-by-ear. 

(2) Ménaural mixed letter and digit lists. The mean performance for each group 
isshown in Table I. Subjects having the items presented in alternating order do 
best at the slowest speed, while subjects having the successive order of presentation 
do best at the fastest. Comparison of performance at the fastest speed with that at 
the slowest yields the same figures for both scores; when alternating betwen the 
classes four subjects do better at the slow speed and one shows no change. On the 
other hand, when recalling successively, four subjects do better at the fast speed and 
one shows the same performance at both speeds. 5 k 

The difference between the two recall orders in numbers of subjects doing better 
at fast and at slow rates is significant (p = 0-05 two-tailed) using the exact test for 
a2 X 2 table. 


DISCUSSION 


Dichotic all digit lists. The results show quite clearly that reducing the rate of 
Presentation does not have the same effect upon both modes of recall and so 


order during the presentation. F ansia 

as has been Hee. previously (Broadbent and Gregory, 1961) the jorge oo am 
difficulty to serial order in Moray's results supports this pcs e ird 
the explanation, however, this way of doing the experiment res ra 


Showing that extra time is more useful when the listener has to al Rape pend 
Toadbent’s original interpretation, that a certain amount of time 18 


attention, becomes plausible again. : 
Monaural mixed class lists. Here also alternati ; i 


ed, since 
how a class of words can be select l, 
acteristic as a sensory channel does. 
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Broadbent (1958) thought that this was a possibility, but Moray (1961) has presented 
evidence against it. It is relevant, however, to consider certain findings and inter- 
pretations of Treisman (1960). 

She required subjects to shadow (repeat aloud as it was heard) a passage on one 
ear and ignore another passage presented simultaneously to the other ear. If the 
two passages were switched over between the ears, the subjects sometimes repeated 
one or two words from the wrong ear at the break. They would then continue with 
the new passage on the original ear. The higher the transition probabilities in the 
original message the more likely the listeners were to show these intruding words. 

When discussing her findings Treisman suggests that within the decoding system, 
where meaning is analysed by matching the incoming signals with some form of 
dictionary store of known words, some units are permanently more readily activated 
than others. One such unit might be that corresponding to one's own name. This 
would explain the finding of Moray (1959). On the other hand, units may have their 
thresholds for activation temporarily lowered by incoming signals on the basis of 
conditional probabilities. Within the dictionary, such transition probabilities 
between units would have been built up by continued use of a languége. Thus 
following the words "seated at a mahogany” the threshold of the unit corresponding 
to the word “table” would be low. Treisman therefore puts forward a modified filter 
theory, which supposes that the selective mechanism acts on all words arriving on 
the ignored channel by attenuating rather than by blocking them; that is, the filter 
renders these signals less likely to activate dictionary units. If, however, certain 
of these words on the ignored channel correspond to dictionary units whose thresholds 
at that time are lowered by transition probabilities, then these words may still he 
heard. Treisman further suggests that the threshold of the dictionary units might 
be altered in a similar way by the selection of a verbal category or class of material. 
All words of a certain class would have their thresholds raised or lowered relative to 
those of other classes. : 

Treisman's model thus provides a way in which a class of items might be selected, 
even although the mechanism is rather different from that which selects a sensory 
channel. One might speak of this type of selection as a set to make certain responses, 
rather than a set to react to stimuli from a certain source: and it is in this sense that 
these results refer to a “response set." The processes involved are, however, central 
ones, since the overt response does not occur until well after presentation and could 
hardly be responsible for the effects of presentation rate. Ultimately a more accurate 
term than “response set” should probably be found for these central processes: 
but for the moment it may serve to distinguish them from the form of set which 
concerns, not the nature of the item, but the channel by which it arrives. 


Thanks are due to the Royal Navy for the use of subjects. 


Me REFERENCES ry 
ROADBENT, D. E. (1954). The role of auditory localisati d attention in memo 
P span. JU fee 47, 191-6. com 
ROADBENT, D. E. (1958). Perception and Communication. London. 
Broapsent, D. E., and Grecory, M. (1961). On the recall of stimuli presented alter 
. J. exp. Psychol., 13, 103-9. 2 5 
JA A. A. I. (1960). Grouping strategies with simultaneo" 
stimuli. Quart. J. exp. Psychol., 12, 180-4. imits i2 
; The magical number seven plus or minus two: some lim! 
our capacity for processing information. Psychol. Rev., 63, 81—97. 


7 ; 
: ' ening: affective cues and the influene 
instructions. Quart. J. exp. Psychol., 11, Sendo. 


e of 


© 


318 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


A RE-EXAMINATION OF THE INTERRELATIONS 
AMONG MEASURES OF RETENTION 


BY 
HARRY P. BAHRICK and PHYLLIS O. BAHRICK 
From the Department of Psychology, Qhio Wesleyan University 


" ` 

The interrelations among measures of anticipation, recognition and savings 
examined. It is shown that (a) the difficulty level of a recognition task can be above 
below that of anticipation for the same material, and (b) the slope of retention cum 
based upon recognition measures may be more or less steep than the slope of curves b 
upon recall measures of the same material. Previous contrary conclusions reflect fl 
exclusive use of easy recognition tests, and experimental designs in which the degree 
learning is much greater for the recognition than for the recall task. 


, 


INTRODUCTION 


Systematic study of the interrelations among indicants of performance is 
fundamental task for psychology. Without adequate knowledge of these relatio 
the choice of indicants for a particular investigation often remains arbitrary am 
findings are likely to be overgeneralized or even misinterpreted (Bahrick, Fitts a 
Briggs, 1957). In their review of studies dealing with the interrelations à 
measures of retention, Postman and Rau (1957) conclude: “The one fact for wl 
there is substantial experimental evidence is that tests of recognition yield hight 
Scores than do tests of recall.” From their own findings they further conclu 
that “for all practical purposes the method of recognition shows no forgetting at 
during the time interval (2 days) used in the present study.” 

The present study attempts to demonstrate that (a) recognition tests may 
Scores which are higher or lower than recall tests over the same material. (b) T 
slope of retention curves based upon recognition measures may be more or less Stee 
than the slope of curves based upon recall measures of the same material. Pre ou 
contrary conclusions (Postman and Rau, 1957; Luh, 1922; Miler, 1957) reflect t 
exclusive use of "easy" recognition tests in which the correct and incorrect à e 


between the two types of indicants. In another paper (Bahrick, 1964) it has D& 
shown that dichotomous indicants do not directly reflect the course of forgettin 
ie. they do not directly reveal the rate at which associations weaken in timi 
Rather, they reflect the number of associations passing below a given thres 
level per unit of time. This, in turn, depends not only upon how much the a 
ciations weakened during the period, but also depends upon how strong the averae 
associative strength was in relation to the threshold at the beginning of the pe 
and what the variance of associative strength is. 


METHOD 
The experiment was divided into two parts corresponding to the two major 
of design commonly employed in studies of retention. In Part I an easy recog 
group, a difficult recognition group and an anticipation group were trained 


INTERRELATIONS AMONG MEASURES OF RETENTION Ms 


they reached a comparable response criterion and their retention was later tested. 
In Part II an equal number of training trials were administered to all three groups. 
The advantages and limitations of these two types of design in relation to retention 
problems have been discussed in another paper (Bahrick, 1964). Part ] was 
further divided into sections A and B; these two sections represented replications of 
procedure, but with different stimulus material. 


Part I—Section A 


Subjects and groups. Ninety male and female subjects were randomly divided into 
three groups: (a) an anticipation group (A); (b) an easy recognition group (ER); and 
|) a difficult recognition group (DR). The 30 subjects of each group were further 
randomly assigned to three subgroups of ro subjects each. 

Materials. The learning material consisted of seven paired associates. The stimulus 
member of each pair was an 8 x 8 matrix with one of the 64 cells filled in black, the 
remainder left blank. The position of the single black cell was chosen randomly from 
tells no! comprising the perimeter of the matrix (in order to minimize —— 
The response member for each stimulus matrix was a randomly chosen, -digit 
number 

A relatively easy and a relatively difficult recognition test were used. Both con- 
sisted of a chart with seven rows and ten columns, Each row ——— to one of 
the paired associates. A sample row of the difficult recognition test for ion A is shown 
in Figure 1. Within each row, the correct stimulus matrix was randomly positioned 
Among four incorrect matrices. The correct paired-associate response was randomly 
positioned among the four incorrect ones. The easy recognition chart used "wrong 
fesponse numbers which shared no digits with the correct response number, and incorrect 
stimulus positions which were three cells removed from the correct position. The 
difficult recognition test contained incorrect response members all of which shared two 
of the three digits with the correct number, and incorrect stimulus positions only one cell 
Temoved from the correct position. None of the incorrect stimulus and response 
alternatives for a particular association was identical to the correct ones for another 
association. Within the above constraints the incorrect stimulus and response members 
Were chosen randomly. The charts for both difficult and easy tests were prepared with 
c» different sequences of the es rows d ape the rte Ms —— 

automatic slide projector was used to presen paired associates screen : 
10 ft. at eye level ibd of the subject. The stimuli subtended a visual angle of 3° js 
Àn exposure device located at table height on an inclined plane directly in front - thy 
Subject was used to present the recognition tests. The device exposed each row 0 
test blank individually by means of seven shutters. 


305- 314- 204- 303-304 


FIGURE 1: j 
One row from the difficult recognition test for matrices. 


il i answe in 
Material vL into the, exposed row of ea "rig vire slide alone for 4 sec. 
expose ing the 4 sec. before 
posure device allowed the subject to write his response only during f iia hati 
Tesponse appeared on the screen. terval 


l 
i ing i up were trained 
. Procedüre, Two, three or four subjects serving in the same gro P tape-recorded 
instructi 
On 
Wi 
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closed over the appropriate position on the answer sheet, and the next position 
exposed 4 sec. later when a new stimulus slide appeared on the screen. The 
in the two recognition groups were administered their respective recognition tests dws 
each intertrial interval of 130 sec. The tests were presented on the exposure device q 
row at a time, and subjects were instructed to make a written indication of o 
stimulus and response members on the recognition test sheet. The exposure d 
presented each row of the test blank for 8 sec., so that a total of 56 sec. was allowed 
the test. The balance of the 130-sec. intertrial interval was used as rest period, 
which the experimenter scored the recognition tests. The sequence of seven pai 
associates presented on the screen was randomized on successive trials. Recognitiog 
tests presenting the sequence In three different orders were systematically alterm 
during successive intertrialintervals. 

Training was discontinued for subjects of group A following the first trial on 
they made seven correct anticipation responses. The subjects in the recognition 
were dismissed following the trial on which they first gave seven correct recogniti 
responses, They were instructed to report for “further training" after 2hr., 2 days, ef 
2 weeks, respectively, in accordance with their subgroup assignment. 

When subjects reported for their second session, they were given the anticipation 
recognition test appropriate to their group under the original conditions of learm 
Their training was then resumed under the original conditions until they again re 
their original criterion. 

Part I—Section B 


Section B of the experiment replicated section A in every detail of procedure, 


thatwnodified nee characters were used as stimulus material. A sample row of tt 
difficult and of the easy recognition tests for section B is shown in Figure 2. 


FIGURE 2 
One row from the difficult and easy recognition test for characters. 


RESULTS AND DISCUSSION 


Training. Table I shows the mean number of trials each group required to 
their criterion. Separate analyses of variance were performed for the groups 4 
on matrices and those training on modified characters. Both analyses Yi 
significant F ratio (f < o-or) between groups, but no significant F ratio (6 7% 
between time intervals or for the interaction component of groups x time inte 
The difficulty level of the anticipation threshold fell between that of the easy 
difficult recognition thresholds for both types of stimulus material. Thus, the ® 


LI 
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saprest that recognition thresholds may lie above or below anticipation thresholds 
depending upon the choice of incorrect alternatives on the recognition test. 


TABLE 1 
LEARNING AND Retention Data vor Parr | 


Trials _- 


fo learn 2 hours Li 

Comduts m M sD mM | SD M 

¥ ER So 28 | 857 | 149 | 793 
X-A 93 ys | Boo | 399 | 


5 | 321247] 

2$ | $22 | 
12 | 49 | 214 
45 | 674 | 


Retention data.—Table I also shows the mean percentage retained by the 
fecognition, and anticipation groups for matrices and charactefs, respectively. 
Analyses of variance performed separately for each type of stimulus material show 
Significant differences between groups (P <o-or) for both kinds of material, 
significant differences between time intervals (p < 0-01) for both kinds of material, 
and no significant interaction component of groups x time interval ( > 005) for 


Teognized. The average amount of overlearning per association is not equal when 
ing on an easy and a difficult task is interrupted at a common hj 
Rather, Underwood (1949, p. 529) has shown that more overlearning occurs 


“sier of the two tasks. s 
Data based upon savings scores are also shown in Table I. For the groups 


taining to recognition criteria these data are based upon relearning to a recognition 
cognition criteria these à “ation threshold. 
threshold, and for the other two groups, upon relearning to the anticipation 


Analyses of variance performed separately for the two hera 
W Significant diete (p < 0:05) only for the component qe dea x 
"t not for the variance between groups or for the interaction Satie A 

€ interval (5 > 0-05). Thus, the savings scores based upon. for the same 
E appear comparable to those based upon cupo ae the previously discussed 
duterial indicating that the savingsscoresare less sensitive 19 BP groups. These 
“tential amounts of overlearning associated with 


"» 


. relative sensitivity over later time intervals must be achieved at the expense of leg 
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overlearning effects produced significant differences among the A, ER, and DR 
retention curves, but not among the savings scores of these same subjects, Whee - 
large amounts of overlearning are involved, we would expect dichotomous indicante 
and the savings scores based upon them to become equally insensitive. If ai 
associative strength remain above the threshold level after the retention interval, 
the savings score is 100 per cent. and is thus insensitive to any weakening of the 
association that may have occurred. When the average amount of overlearning i 
small, so that many of the associations fall below threshold strength on the retentis 
test, the dichotomous scores,are maximally sensitive. The savings scores remais 
sensitive to continued weakening of the associative strength longer than dichotomoms 
scores, and thus théy must allocate less of their total variance from 0-100 per cent. 
to the time range over which the dichotomous scores are most sensitive. Greater 


relative sensitivity over early time ranges, if the total drop of the curve is equal 
This accounts generally for the more gentle slope of curves based upon savings scores 
in comparison with curves based on anticipation performance. It has been shown, 
however, that curves based upon savings scores may drop more sharply immediately 
after learning than curves based upon recognition or free recall indicants, and may 
later cross these curves (Luh, 1922). Indeed, this is true for four of the six curves 
in this experiment when they are compared with the corresponding curves based 
upo& the dichotomous indicants (see Table I). Two factors determining relative 
Sensitivity of scores are responsible for this: overlearning with respect to the threshold 
of the dichotomous indicant, and the number of trials on which the savings score ® 
based. *It has already been shown that the largest percentage of overlearning Pet 
association occurred under the conditions requiring the fewest trials to learn, and 
that, as a result, performance based upon the dichotomous indicants showed les 
initial decline for these conditions. This is not true for performance based upos 
savings scores. Although a great deal of overlearning would also reduce, the 
sensitivity of this indicant, as has been previously discussed, the opposite í 
results from having fewer trials, per se, in original training. Trials are the units ¢ 
which the savings scores are based and when there are not many of them the u 
becomes Coarse, and a larger initial drop in the curve must be expected. Thus, # 
an ‘association has just barely dropped below the threshold of the dichotomous 
indicant, it may take only one trial during relearning to bring it back above thresw? 
This would constitute an 80 per cent. savings score if the number of trials to lea 
and relearn are five and one, respectively, but a go per cent. savings score if the 
trials are ro and r, respectively. The crossing of curves based upon savings so" 
with curves based upon dichotomous indicants is, therefore, most likely when taet 
are fewer trials to learn, and this is born out by examining the data in Table 3 
For the two conditions requiring the fewest trials to learn (M-ER and CH- 
performance based upon savings scores is below the corresponding performan% 
based on dichotomous indicants and after two weeks no reversal has yet occum 
For the M-A and M-DR conditions requiring more trials during original leami™ 
the savings scores are initially below the corresponding dichotomous scores, 7 
cross these during the 2-week period. For the conditions requiring the la 
number of trials during learning (CH-A and CH-DR) performance based upon savis 
scores is above the corresponding dichotomous performance. ' 
None of the data presented so far reveal to what extent the results for the © 
and DR groups during training and retention are influenced by successive €XP i 
to recognition tests. These repeated tests may facilitate training and rete? 
since they involve additional presentations of the correct stimuli and resp? 


+ 
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Bes though the tests were administered without knowledge of results they may, b 
heless, strengthen associations, particularly those already above the recognition 

bold. At the same time the successive exposure to so many wrong stimuli 

responses on the recognition tests may create interference effects which could 

d training and lower subsequent retention scores. It is not possible to determine 

extent to which interactions among these facilitating and interfering factors 

«t the data and, therefore, the conclusions arrived at so far cannot be generalized 

h confidence to situations in which the method of successive recognition tests is 

wed. k - 

Training to a given criterion of fecognition performance necessarily involves the 

inistration of successive tests, and therefore this type of design cannot be used 

Puch tests are to be avoided. Instead it is necessary to use the second major type , 
design, i.e. to train the various groups for a common number of trials The 

Papal disadvantage of the latter design in retention studies is that it offers even 

control over the degree of original training. 

t I 


Subecis*and groups. One hundred and twenty male and female volunteers from — — 
lenraduate psychology courses at Ohio Wesleyan University were arbitrarily assigned — 
ban ER group, an A group, or a DR group. The 40 subjects of each group were 


ber arbitrarily assigned to four subgroups of ten subjects each. 
Procedure. The matrix material previously described was used, and all 120 
Meived eight trials of anticipation training under the same conditions used 
A poup during Part I of the experiment. Immediately at the end of training 
B subgroups were given a single ER, DR or anticipation trial, respectively, 

m The single recognition trial was administered with the same test 
e conditions previously described. The remaining subjects eins instructed 


i 


k 
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RESULTS AND DISCUSSION £f 3 
Table II shows the performance of each group on the eighth trial of anticipation 
Analysis of variance reveals no significant differences (f > 005) among. 
MY of the 12 sub-groups. f y 
, Retention performance is also shown in Table II. Analysis of variance shows 
ant differences (5 < o-or) between groups, as well as between time — bs 
no cant F ratio (p > 0-05) for the interaction component of groups 


Both of the major conclusions of Part I are supported by the meet AS 
"hin Table II. After a constant number of training trials, ipee mad suggests e 

Seat Tecognition task is below that on the anticipation task. This y The e 

the threshold related to the DR task is above the anticipation thresh ol pea 

n here is independent of the administration of successive ing (Underwood, 

controls the last trial learning effect in anticipation training IDE d 
^. The retention data clearly show that the slope of ia t that the 

degree py less Steep than the slope of recall o bue pe s apr t variable. 

Previous €arning in relation to the threshold of ia pode iud we recognition 

Bits, and thus reflect unilateral confounding of the degree of crea recognition 


‘the 
E dof measurement. The present study has not established "E 
t t: 
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TABLE II 
LEARNING AND RETENTION FOR PART II 


—————————————S—SS_S—a—_="-_an—_ ma Ee 


No. of corvect responses on the eighth trial of anticipation b 
I min. 2 hours | 2 days 2 weeks | 
Condition M SD MEES D-T. | M SD M SD 
i a | RR Y E 
M-ER  ..| 5:1 Os oe r3o , 58 1°54 49 1-92 
M-A -| 05995 2445 6-0 1:00 59 1-64 | 48 1-66 
M-DR ...| 53 2:72 2909 x:78: |. 57 1:55 45 r:8o 


Percentage of correct responses on the retention test 


M-ER zx 80-0 24:1 | 38:6 212 


3 
3 | 357 | 294 | 
6 | 143 20 


theother variables completely constant. By varying the difficulty level of recognition 
tasks, both above and below that of the recall task, the study has shown, however, that 
previous generalizations regarding differences between the indicants have been 
misleading. 

A reminiscence effect after 2 days is suggested by the data in Table II. This was 
also observed by Postman and Rau, but was not apparent in Part I of the present 
study. The effect appears in Part II for the A group, as well as the DR group and, 
therefore, seems unrelated to the variables of successive recognition testing. It 
may reflect an interaction of task difficulty and the degree of learning. M 

The other obvious difference between the data of Tables I and II relates to the 
decline of retention performance during the 2 hr. after learning. This loss is mote 

. pronounced for the groups trained to a threshold criterion, particularly for the ER 
and A groups. This reflects the inherent characteristics of the threshold-training 
design in which a much larger portion of associations will be barely above threshold at 
the end of training and will, therefore, be more likely to drop below threshold during 
the immediate post-learning interval. 
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S-R CODING AND “LOOKING” 35 


ON THE RELATIONSHIP BETWEEN CODING AND THE 
ABILITY TO SEE WHAT ONE IS DOING IN A 
SENSORI-MOTOR TASK* 


BY 
J. 4. LEONARD 
From the Medical Research Council Applied Psychology Résearc Unit, Cambridge 


In order to examine the possible interaction between different display-control 
flationships and the ability to look at what one is doing an experiment was carried out 
tader four conditions: half the subjects were trained with a colour code display, the other 
lalf with a positional code; within each of these groups half the subjects were allowed 
to look at their hand while performing, and the others were not. It was found that the 
‘tect of not being allowed to look was larger with the colour code in the initial phase of 
training, and larger with the positional code in the final phase of training. 


Interest in three areas led to the experiment to be described: looking, coding and 
training. 

Szafran (in Welford, 1950, pp. 55 ef seq.) had observed that older subjects tefided 
t0 persist in looking at what they were doing even when there was no apparent need 
t doso. While carrying out an experiment with both older and younger subjects 
on a sensori-motor task described in this Journal (Leonard, 1953) it became possible 

, compare the “looking” pattern of two age groups (Leonard, 1952, pp. 49-61, and 
120-2). Older subjects not only appeared to look more frequently at what they were 
doing than younger ones, but the whole pattern and the possible purpose of this 
ucfivity appeared to be different. A skilled young subject appeared to. give e 
*casional, sampling kind of glance at his performing hand while keeping the a 
M view most of the time. Older subjects tended to alternate between looking 


Jt the display and looking at their hands, and not to move until they had an 


portunity to look. A few years later, when using the same task, but with a more 


ficult display-control relationship than previously, the writer noticed that young 
Subjects now seemed to behave rather like older ones had done with phun 
display, Tt appeared that, with the more difficult display, i pone tion into 
E they used the control as an aid in translating the displayed informa 

ion, 


Tt seemed clear from the work of Fitts (Fitts and Seeger, 1953) and m pe 
at there might be an important difference between what Uem A - pa 
“ded symbolic and non-symbolic displays: those where the AU ka 
A Play state and required action has to be learned and those in whic open 
3 immediately" obvious. One would like to know just what it is Ur oh 
“tence and for how long such differences are maintained during co 
E rnc. It is clear that many apparently aad ebd 
‘imple only for people who have grown up in a given Oe ease 
iU differences which have been found a BOS acia (eet, e 


Ting phase of the conventional choice-reacti E Estas within “the 
inally there is a case for setting up miniature tra t ien which are of 

“nstraints imposed by a laboratory in order to investigate 
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both theoretical and practical interest. In the particular instance, apart from the 
theoretical points mentioned earlier there is some practical interest in the problem 
of whether keyboard operators should or should not be allowed to look at their 
hands early in practice: the traditional viewpoint is that to allow looking in the early 
stages fosters the establishing of bad habits, since final performance requires 
operation by touch. More recently it has been suggested that no harm is done in 
allowing students to look at their hands early in training since this avoids a lot of 
frustration, and most students shed the,habit of their own accord (West, 1957). 

The combination of these’ interests led to the experiments to be described in 
which half of the subjects performed with a display in which direction of hand- 
movement to be made was indicated by an arbitrary assignment of one of five colours 
and the other half with a display in which direction was indicated by a positional 
display. Half the subjects in each group performed throughout with a cover over 
their hand, while the other half could look at their hands all the time. Two questions 
in particular were to be answered: (1) will the expected difference between the colour 
and the positional displays disappear with practice? and (2) will there be any 
interaction between withholding vision and the type of display used? 

It seemed possible that the extensive amount of practice to be given might 
reduce the difference expected between displays to zero, for earlier studies had not 
gone,to the same length in that matter. Concerning the interaction between 
"looking" and "coding" it seemed reasonable to suppose that the effect of with- 
holding vision would be much more marked on the performance of the subjects 
performing with the colour code than those performing with the positional code: 
in one case the display was a direct spatial representation of the control panel ova 
which the stylus had to be moved, hence one could expect direction to be “given 
to the subject by the display and the withholding of vision to be a relatively 
unimportant matter. In the case of the colour the display did not indicate direction 
of required movement in any direct manner. 


METHOD 
-choice reaction apparatus with ae 
lector. This programme was completely 


digram structure of five stimuli, Mu 
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the colour display was used, a mask was placed over the positional y. 


TABLE I 
DisPLAv-CoNTROL RELATIONSHIPS FOR COLOUR CODE 


Orange indicated the disc at 12 o'clock (0°) 
Green " o HE ra» NIS (72°) 
Red » "ne c (1447) 
Yellow A a A TR (216°) 
Blue á » bao ep EO MR * (2887) 


A metal frame was built around the control panel to allow a sheet of cardboard 
measuring 21 in. x 16}in. to be placed above the control panel. The cardboard was 
slanted so that the edge nearest the subject was about 4 in. up from the plane of the 
control panel and protruding about 6 in. in front. The rear edge of the board was approx. 
12in. above the level of the control. When the board was lifted off, a narrow strip of 
tardboard 21 in. long was left in the position of the proximal edge of the board. The 
board prevented the subject from seeing the control-panel without interfering with his 
movements. 

The subject sat in a noise-attenuating cubicle. The experimenter could observe the 
E through a “one-way” window, and communicate with the subject by réising 

voice. 
Task. The task was that referred to as condition (1) of the 1953 paper: starting 
from the centre disc the subject had to slide the stylus to the disc indicated by the display, 
and then slide the stylus back to the centre, when the next move to be made was indicated 
by the display. The display conditions were, however, slightly different from those 
described earlier: on touching the indicated disc the display would become blank; if i 
Wrong disc was touched a highpitched buzzer sounded until the centre-disc was — 
again (it was necessary to have a buzzer because failure of the display to become ch" 
E also mean that the subject had failed to reach the indicated disc in the “tow 
ndition). 

To complete a trial the subject had to make 50 correct responses. ; 
CONO The task was d araintstered to four separate groups of five esperes 
ünder one of four conditions, each subject performing under one of these only. 4 wa be 
location was random. One subject was rejected for performance reasons and wi 


teferred to in the Discussion. 
3 


TABLE II 
CONDITIONS USED IN THE EXPERIMENT. V = VISION, T = ToucH 
Display Visual guidance Group 
Nha E 
Colour Permitted M 
Colour Prevented 23 
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Position .. i Prevented 
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This card was fixed to the left of the display as the subject was looking at it and gave the 
colour names together with the corresponding clock-positions. Subjects allocated to 
perform with their hand screened from their eyes were allowed and encouraged to look 
under the screen between trials. They were also allowed to look under the screen if 
completely failed to reach the indicated disc. This somewhat flexible criterion was in 
fact easy to apply as will be seen in the discussion. 


The subjects were 20 volunteer ratings from the Royal Navy, aged between 18 and 
26 years. 


RESULTS 
. 


Figure 1 shows the performance curves for the four groups in terms of mean times 
for 50 correct responses fór each block of 250 responses. Figure 2 shows individual 
mean times for the whole of the second week's performance. 


Display Visual Guidance 


160 *— * Colour Prevented 
150 *--* Colour Permitted 
140 *—* Positional Prevented 
p 130 * —*  Positional Permitted 


Seconds per 50 correct responses 
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Blocks of 5 trials of 50 correct responses 
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Performance curves for th 


Í 
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23 readies e tour groups of 5 subjects. Each point is an 


Errors are not shown because 
on the colour display. 


The effect of displays. There was a clear difference between the two display 
conditions, with the two distributions for the second week showing no overlap at 2 
Table III shows the percentage difference between CV and PV for alternate bl 


There was a fairly consistent percentage difference throughout except for the early 
phase of training. 


they were very low except for the first few trials 
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The effect of withholding visual guidance. While it is clear that on average there 


js a slowing down of performance due to the withholding of visual guidance, 
inspection of the performance curves in Figure 1 indicates that there is an interaction 
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Seconds per 50 correct responses 


FIGURE 2 


‘Individual Means and Group Means for the whole of the Second Week, in seconds 


lor 5o Correct Responses. 
TABLE III 


THE DIFFERENCE CV-PV EXPRESSED AS A PERCENTAGE OF PV FOR 
ALTERNATE BLOCKS 


| 
| 71-75 | 81-85 | 91-95 


| 


1-5 | 11-15 | 21-25 | 31-35 | 41-45 | 51-55 61-65 


66-0 | 45:3 | 41:6 | 419 


j i ibi 
with display conditions and stage of practice. There are several ways of describing 
interaction: A 

; : ei i ter for 
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late in practice; 


ressed rcentages 
) The differences between CT and CV, PT and PV, exp BE 
) 


of CV and PV respectively are shown in Table IV. 


i av 
Mann-Whitney U-tests were carried out for uenis bo Dua 
and PT vs. PV: from about the eighth block onwar oe note onem 
CT and CV ceases to be si ificant, while that heres nape oben 
less significant than at the 4 per cent. level. def ypot ak score 
that the effect of withholding visual guidance wo 


( 
( 
( 


2 
3 


330 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 
colour display than with a positional one is therefore only verified for the 
early stages of practice. 
TABLE IV 


THE DIFFERENCE T-V EXPRESSED AS A PERCENTAGE OF V FOR ALTERNATE BLOCKS 
Top Line Corour DisPLAv, Bottom LINE POSITIONAL DISPLAY 


myx | i61 | 8x 51 Colour 


21-25 | 31-35 | 41-45 | 51-55 | 61-65 | 71-75 eats | 91-95 Display 


19:1 207 


9'41 


135 


295 | 247 | 245 | 24:9 | 258 | 339 | 257 | 17:3 | Positional 
Oo ot H ee ee ee S —— $8 


DISCUSSION 


The interaction between displays, visual guidance, and phase of training. It was 
expected that the effect of preventing visual guidance would be greater with the 
colour display than with the positional display because the latter provided direct 
information about the movements required of the hand. Confirmation of this 
expectation would have gone some way towards accounting for the difference between 
the two display conditions. Only the early phase of training provided such a 
confirmation and there are two complications of interpretation. 

Firstly, the fact that early on in training there was a larger difference between 
CT and CV than between PT and PV may have been due to the subjects in CT 
having to learn the colour code and “touch” performance simultaneously. Both 
variables taken by themselves have a greater effect early in training. 

Secondly, the fact that late in training there was a smaller difference between CT 
and CV than between PT and PV may have been due to the fact that the character- 
istics of the colour display used favoured performance without visual guidance. With 
the positional display subjects might have been able to interprete a display change 
out of the corner of their eyes while glancing down at their hands. The CT-PT 
comparison may be taken as a possible control for the difference between display 
conditions not being due to this “artefact.” This is of some importance because 
the same criticism could be raised about other comparisons between symbolic and 
non-symbolic codes, 

The difference between the two display conditions. The expected difference between 
the positional and the colour display was maintained throughout. In a further 
Series of experiments a similar difference was found between a positional and à 
numerical display (Leonard and Newman, 1965). It seems as if very much longer 
periods of training would be required before the "symbolic" catches up with the 
"non-symbolic."' 

Learning to perform with colour code and without visual guidance. By contrast, 
subjects on the whole did not find it difficult to "learn" those two features of the 
experiment which are more traditional topics of laboratory learning. It was ps 
for subjects performing with the colour code to make many mistakes after the firs 
day and the large differences in performance due to the absence of visual guidance 
disappeared after the second day. One is tempted to think of this kind of.learnin& 
and the learning which may eventually enable a subject to turn a symbolic code 
into a non-symbolic one, as different in kind. E 

During the early phase of performing without visual guidance subjects failing to 
reach an indicated disc after several attempts would apparently “freeze” up. They 
were then allowed to look under the cover and generally one or two such correction 
were all that was needed for the phenomenon not to happen again. The one Eu). 
whose data were not included here continued to experience this difficulty throughout- 
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The very large differences due to the absence of visual guidance found in the early 
phase lends some support to those keyboard instructors who allow their students to 
look at their hands to avoid attrition through boredom during the first weeks of 
keyboard training (West, 1957). 

The development of a “miniature training situation." The task reported on here 
was not found suitable for this purpose mainly because of its lack of face-validity. 
Akeyboard task has been developed since (Leonard and Newman, 1965). 
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THE COMBINATION OF INFORMATION FROM 
DIFFERENT SOURCES 


BY 
R. DAVIS 
From the Department of Psychology, The University of Reading 


In this experiment.subjects were presented with visual information from two different 
sources and were required to combine it in order to make the correct response. The 
time interval between the two signals was varied in two different ways (a) regularly and 
(b) randomly. Reaction times were measured from the moment of occurrence of the 
second signal. By this means the time course of the decision procedure involved in 
combining the information from the two sources was analysed. 

Results indicate that subjects may deal with the situation in two ways (i) by means 
of a "perceptual" classification in which the individual elements are not analysed 
Separately, or (ii) by means of an "intellectual" classification in which each signal is 
analysed sequentially, These two methods correspond to the experimental conditions 
of (a) regular intervals and (b) random intervals. ; 

It is argued that when subjects use the latter strategy the results are consistent with 


the conception of the human operator as an intermittent analysing system. 
m 


INTRODUCTION 


The notion of channel capacity derived from information theory has had fairly 
wide application in the study of human sensory motor performance. It has been 
used as a theoretical background, for example, in experiments on discriminative 
capacity, immediate memory and reaction time. In most, though not all, of these 
situations the subject's task has been to preserve a correspondence between stimulus 
array and response array. That is, stimuli and responses have been related ima 
one-to-one manner and the subject has had to make a straightforward translation 
from stimulus set to response set. This is true of most of the experiments 0n 
absolute judgements (e.g. Miller, 1956), experiments on multichoice reaction times 
(e.g. Hick, 1952; Hyman, 1953) and experiments on stimulus-response compatibility 
(e.g. Fitts and Seeger, 1953). ys. 

There are, however, situations which have not been quite so well explored, in whicl 
the number of response categories is less than the number of stimulus categories, 50 
that the subject does not act merely as a translator or conserver of information, but, 
In a sense, has to reduce the amount of information presented to him into a smaller 
number of categories, 

This might be regarded as a very elementary description of concept formation aS 
Garner (1962) points out, and Posner (1962) has applied the idea of information 
reduction to an analysis of simple thinking behaviour. i 

In these situations the response uncertainty limits the amount of information 
transmitted, and the question arises as to whether this is the sole determinant 9 
response time or whether variations in stimulus uncertainty play any role., Sever 
experimenters, e.g. Bricker (1955), Rabbitt (1959), Broadbent and Gregory (1962) 
have produced evidence Suggesting that response uncertainty is of overri ng 
importance and have argued that stimulus uncertainty has little effect. l , 

On the other hand Crossman (1953) showed that in a situation where playing 
cards Were sorted into two response categories, black pictures with red numbers 
into one pile and red pictures with black numbers into another pile, the time taken 
was more closely related to stimulus uncertainty than to response uncertainty ge 
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information transmitted). Furthermore, Posner (1462) has shown that the quantity 
most closely related to task difficulty in a variety of forced paced tasks was not the 
response uncertainty (or information transmitted) but the amount of information 
reduction from stimulus to response categories. 

It is, however, necessary to distinguish between two types of situation in which 
reduction of information takes place. 

(1) In which information irrelevant to the basis of classification is merely 
excluded, e.g. where stimuli vary in both colour and shape, but the classification is 
made on the basis of one dimension of variation only. 


(2) In which several dimensions of variation in thé stimdlus material must be 
taken into account in order to defermine the correct response, e.g. a classification of 
red circles, red squares, black circles, black squares into two categories: 

Red circle or black square/black circle or red square—a task which is similar to 
Crossman's (1953). In this case, both colour and shape must be taken into account, 
but although all the information in the stimulus situation must be used to determine 
the correct response, the characteristics of any particular stimulus cannot be 
recovered merely by a fosteriori knowledge of the correct response made to it. 

The first situation might legitimately be described as "filtering" in the sense of 
discarding irrelevant information. The second situation is not mere filtering. A 
rather more complex type of intellectual operation is taking place, as contrasted with 
the perceptual classification in the first situation. 

In practice it may not be possible to distinguish clearly between these two 
situations. The response times obtained by Morin, Forrin and Archer (1961) suggest 
that with practice, subjects may show a gradual transition from an intellectual 
10a "perceptual" classification. However, the way in which this might happen is 
not fully understood and it would seem that any theoretical analysis should start by 


A or B, giving rise to four possible stimulus configurations, AA, i ond yid Pod 

Subject's task is to decide whether the two signals are the same or diteren us 

Press an appropriate key. This is similar to the second a Wie ca ae pesi 

where all the stimulus information has to be used, and one wo a io nete 

the time taken for this very simple intellectual cmt oo EN 

or a choice among four alternatives along a Sing'e « ORE a, 7 
If however, de signal from the second source 1 not given simultaneously with 


the first, but at some short time afterwards, one can @ I du 
E E ut tween signals, the subject will ave 
hus with a sufficiently long time interval pom E restant signal arrives, and 


the number of possible stimulus configurations : 
two, eg. if the first signal is A there are only A 
AA and AB, to decide between when the second s 


on a single dimensi i is of 
DS mad interval between signals is long enough for the analysi 
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the first to be completed by the time the second arrives, there ought to be a relatively P 
constant two-choice time between the onset of the second signal and the response | 
However, if one supposes that the central analysing systems behave in an intermittent 
manner as suggested by much previous evidence (Hick, 1948; Welford, 1952, 1959; 
Davis, 1957, 1959, 1962) there will be no advantage in the signal from the second 
source arriving before the analysis of the first is completed—it will be held in store 
until the central systems are ready for it. Thus as the interval between signals 
becomes progressively less than the critical time for the analysis of the first signal, 
there will be progressively increasing delays in the reaction time, measured from the - 
moment of occurrence of the second signal, and ds the interval ‘approaches zero the 
reaction time will approach the value for a decision between four alternatives along 
a single dimension, L i 

By varying the interval between signals in this manner one can investigate the 
time course of this very simple decision procedure. > 


METHOD 
Main experiment 


The apparatus was a Dodge-type two field tachistoscope adapted for reaction time 
measures. 

The stimulus card for the first field carried either X or O and similarly the stimulus 
card for the second field carried either X or O. These were drawn 2:5 cm. square m 
black jak on white card and were exposed at a distance of approximately 50 cm. immed- 
iately in front of the subject, who viewed them binocularly. The first stimu lus was always 
exposed above the second, to avoid possible masking effects between signals, and the 
vertical separation between the positions of the two signals was approximately 5 CM., 
measured from centre to centre. 

The subject was equipped with two Morse type keys and was instructed to press the 
left key if the signals were the same and the right key if they were different. He was | 
told to respond as quickly as possible and reaction times from the start of the second - 
signal were recorded to the nearest millisec. using a Venner clock. The subject was not 
informed of his reaction times, but if he pressed the wrong key (or both keys) a buzzer 


sounded as an error signal. «4 
Verbal Audible click Response 
‘ready’ from small Ist signal 2nd signal 'Same-Lkey | 
warning loudspeaker Xoro X or O ‘Different’ - R key 
> 
a 
f | 
| 35 35 | 
imillisecy millisec! ! 
" l 
i 


Warning interval Variable interval Reaction time 


| l 
| (Fixed 1-4 sec.) I i 
] i d 
FIGURE r 4 
Experimental sequence. ^ N 


The temporal sequence of events is shown in Figure 1. d 


The values of the variable interval between si 8o, 600 and 
d en signals were 35, 160, 390 i 
810 millisec. Thus at the shortest interval of 35 millisec. the ont of the second signal 
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coincided with the switching off of the first signal with no dead time in between. This 
interval was used as the nearest approach to simultaneity that could be conveniently 
obtained with the apparatus. The other intervals were also chosen on the basis of 
convenience in using the available timing system. 
| The subjects were student volunteers, two men and two women, all right handed, 
between the ages of 18 and 21, at the University of Paris. They each attended for one 
iminary session and six experimental sessions of ] to 1 hr. each. 

The interval between signals was varied in two different ways. For two subjects 
(one man, one woman) a regular interval condition was used. 

These subjects had a block of 12 pairs of signals, all with the same inter-signal interval, 
and then changed to another value of interval. Two plocks of each interval were pre- 
sented at each sessidh and the five values of interval were randomized between blocks. 
Thus, over the six sessions for each subject, each interval was presented 144 times and 
each pair of signals 36 times at eacheinterval. * 

For two subjects (one man, one woman) a random interval condition was used. 

Each successive interval was picked at random from the five possible values, with the 
restriction that within a block of 20 all intervals occurred with equal frequency. Each 
subject was presented with five blocks of 20 pairs of signals at session, so that over 
the six sessions each interval was presented 120 times, and each pair of signals 30 times 
at each interval. E 

In both conditions the actual pairs of signals, XX, XO, OX, OO, were randomized 
with equal frequency over each block. 1 etin 

If the subject made an incorrect response, the particular stimulus-interval combination 
was repeated at the end of the block. Mistakes were so few (see Table I) that this 
procedure had very little effect on the frequency distribution of signals. "à 


TABLE I 
MAIN EXPERIMENT 
Mean reaction tifhes and standard errors in millisec. for different 


values of interval I 


"n | "m 
Subject N I M S.E. | mistakes 
L| UU p o 
E^ | oe 35 367 PIAN oes 
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In the control experiment aüother group of four French student volunteers in the 
same age group were used. 

The conditions were the same as those of the main experiment, with the exception 
that the first stimulus field was blank, and the subjects were called on to make a straight- 
forward two-choice reaction to the second signal, that is, to press the left key for an X 
and the right key for an O. The interval between the blank first field and the second 
stimulus field was varied in exactly the same way as in the main experiment. Two 
subjects performed under a regular interval condition, and two subjects under a random 
interval condition. 


In this experiment 20 responses for each subject at each interval were taken ina 
single experimental session. 4 


E RESULTS 

Main experiment 
A preliminary analysis showed that there were no significant differences between 
reaction times for "same" or “different” responses, so that results have been pooled 
to show (a) the mean RTs for each subject for 144 responses at each interyal in the 
regular interval condition and (b) the mean RTs for each subject at each interval in 
the random interval condition. The values of means and standard errors together 
with the number of mistakes, are shown in Table I and the variations of mean reaction | 
times with interval under the two conditions are illustrated in Figure 2. 
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Main experiment. Variation in mean reaction times with interval, for the reg 
and random interval conditions. 


Control experiment i 
The mean RTs and standard errors for the 20 responses made at each interval 


7 ars subjects under the two conditions of the control experiment are shown 1 
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TABLE II 
CoNTROL EXPERIMENT 
Mean reaction times and standard errors in millisec. for different values of interval I 


——————————————— 


Subject I MC ol SS = 
E 35 350 | 272 
160 |" "13$5 11:9 
380° 360 12-1 
. 600 336 | 1074 
Regular 810 332 * | : * 18-0 
| 
Intervals F 35 432 | 21:0 
160 445 | 149 
380 445 III 
600 434 11-7 
810 430 12:0 
G 35 363 12:2 
160 336 9'9 
380 352 159 
600 368 13:6 
- Random 810 393 14:6 " 
Intervals H 35 415 15:2 
160 406 II: 
380 382 145 
600 399 ILl4 
810 408 134 
———— — t — PX a 
' N — 20 in all cases. 
LI 
DISCUSSION 
From Figure 2 it is evident that the results from the random interval bene 
confirm expectations fairly well. For intervals of 380 millisec. and greater, 3 
Values of reaction time are similar to the two-choice values found in the pre 
| @Periment. For intervals less than 380 millisec., reaction time eee 
lengthens as the intervals shorten, reaching a maximum (550 millisec. for Sul yes z 
499 millisec. for Subject D) at the shortest interval of 35 millisec. This 3 d á 
txpected if the analysis of the second signal does not take place until the an lysis 
of the first signal is accomplished. 
The data is somewhat inadequate in two respects: : 
(t) There is no truly simultaneous presentation of the two signals on sar 
with a four choice control. However, 


^i complicates any direct comparison i 
the iere belit M times for nearly simultaneous Lp 
(interval 35 millisec.) and reaction times at interval 380 millisec. wi A bus 
same order of magnitude as the difference between Eur toc Hyman 
choice situations, as shown by other experimenters, e.8- Hick (1952), 


(1953). 
(2) A finer variation of interval between 0 
to define the slope of the reaction time 


| Me eer, despite these limitations, the gener: 


and 380 millisec. is required in order 
function between these two points. 
al relationship is fairly clear from 


DE she t for 
Se results. The results from the regular interval condition are similar, excep 
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the very striking departure at tlie shortest interval of 35 millisec. when the two signals 
were presented almost simultaneously. 

This suggests that, if the two signals appear nearly simultaneously and the 
subject expects this to happen, then he does not proceed with the two stage analysis, 
but can respond to the total stimulus pattern by means of a perceptual classification, 
“same/different” in which the individual elements composing the pattern are not 
classified separately. The actual signals used would seem to lend themselves quite 
well to this type of classification although, at present, there appears to be no quantita- 
tive way of determining independently the relative ease or difficulty of such a 
classification. This contrasts with the random interval condition, for when the two 
signals appear nearly simultaneously in this condition the subject cannot know in 
advance that this will happen. In this case he immediately starts the analysis of 
the first signal, and once this has commenced he cannot deal with the second signal 
until the first analysis is completed. 

Thus, two methods of dealing with nearly simultaneous signals appear as different 
strategies imposed by the experimental conditions. 

A number of other points deserve discussion. ; 

The first is whether any peripheral masking between signals at the shortest 
interval may have affected the results. The two signals were arranged to occur in 
different spatial positions to avoid this possibility and the results from the regular 
eden condition make clear that such masking could not have had any appreciable 
effect. 

Secondly: an alternative explanation for the results might be proposed, similar 
to an argument which has been used in an attempt to explain delays at short intervals 
in simple reaction time situations. It may be put in this form. The reason why the 
subject shows a delay in responding when the inter-stimulus interval is short is not 
because the central systems are occupied with the analysis of the first signal, but 
merely that the subject is unprepared for any signal following at such a short interval. 
The results of the main experiment might be thought compatible with this type of 
explanation, but it is rendered untenable by a comparison with the control experiment. 
In the two conditions of the control experiment the arrangement of the inter-stimulus 
intervals was exactly the same as in the main experiment. The only differences 
were that the first stimulus field was blank and the subject made a straightforwar 
two-choice response to the signal presented by the second stimulus feld. If there 
were an effect due to the subject's unpreparedness, then it should also have appear 
in the control experiment. No such effect appears. The reaction times show Vey 
little variation with the interval between blank field and stimulus field over the whole 
range of intervals used. Hence the lengthening of reaction times in the random 
interval condition of the main experiment must have been due to the presence of an 
actual signal which had to be classified by the subject. 

Thirdly: the author does not wish to argue that there is absolutely no effect due 
to the temporal uncertainty of the second signal. There is evidence for an optim 
inter-stimulus interval about the middle of the range of intervals used, which suggest? 
that as the interval becomes longer the subject is less able to adjust his state, 
maximum preparedness to the precise moment at which the second signal will occur. 
However, it should be clear that the magnitude of this effect is relatively bec 
compared with the lengthening of reaction times in the random interval con 
of the main experiment, and that, for the reasons given, this lengthening °° 
not have been. produced merely as a consequence of temporal uncertainty. m 

The most likely explanation seems to be that the increased reaction times aI€ ^ v . 
to the subject having to analyse and classify the first signal, and the results supp? 


| 
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the intermittent, or single channel, conception of the human operator, in the sense 
that if the central systems are occupied with the analysis of any signal, the analysis 
of any subsequent signal will be delayed until the first is completed. 
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THE EFFECTS OF CONTEXT UPON SPEED OF READING, 
EYE MOVEMENTS AND EYE-VOICE SPAN 


BY 
JOHN MORTON 
From the Department of Pzychology, Reading University* 


Subjects read aloud 206-word passages of statistical approximations up to the 8th 
order. Their eye-movéments were recorded together with a trace of the speech output. 
Speed of reading, using the syllable as the unit of measurement, increased up to the 
5th order for slow readers. Fast readers, on the other hand, further increased their speed 
to the 6th order. This result had been predicted from a hypothesis that fast readers use 
contextual cues more efficiently. 

Measures of the material in the eye-voice span showed an increase up to the,8th order, | 
Fast readers had a larger material span than slow readers beyond the 5th order, a result 
paralleling the differences in speed increase. It is suggested that the eyewoice span 
measured in time is dependent upon the chosen reading speed and the material span. 

From the eye-movement records there was no variation of the mean duration of 
fixation between passages, or between fast and slow readers. ‘The average value was 
about 240 millisec. The number of both forward and regressive eye movements decreased 
with increase in contextual constraint up to the 5th or 6th order, i.e. with increase in 
speed of reading. Fast readers were superior to slow readers in both these respects. 
The effect of decreasing contextual constraint was to produce more regressive movements 
together with a slightly smaller mean saccade. 


INTRODUCTION 


It is known that the reading efficiency of most literate adults can be improved 
without training. All that is necessary, in many cases, is that the person reads 
“more actively” and increases concentration (Morton, 1959, 1961). This implies 
the existence of some potential relevant to the processes of reading which is normally 
not fully utilized in the untrained adult. The hypothesis is put forward that this 
potential is related to our knowledge of the statistical properties of the language. 
If we utilized this knowledge more completely while reading, then the immediate 
stimulus would become more predictable. It has been shown (Morton, 19642) 
that the visual duration threshold for a word in a sentence context is an inve 
function of the probability of the word in the context. Thus, increasing bo 
probability of a stimulus would make the stimulus more easy to perceive, and, ! 
this were a limiting factor in reading, would result in an increase in reading Spee 
with no comprehension loss. 

The suggested increase in the ease of perception might be utilized either by 
spending less time on each fixation or by making fewer fixations per line. In E 
latter case, words could be recognized in spite of being on the periphery of vision: 
, An alternative formulation of the hypothesis would be: assuming that most 
individuals do use contextual cues to a certain extent in reading, then the effect of 
increasing the amount of contextual constraint in a passage would be^to increas’ 
the individual's speed of reading. If then we have a series of passages with increasing 1 
amounts of constraint, the speed of reading should increase up to the passage vi 
has the amount of constraint normally used by the reader. In addition, if fas Ly 
readers normally use more context, the effect will have its limit for them at à hig 
order of statistical approximation to English than for the slow readers. 


* Now at the Medical Research Council Applied Psychology Research Unit, Cambridge 
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Sumby and Pollack (1954) found that speed in typing, and speed, errors and mean 
number of glances per word in reading aloud were all related to the order of approxi- 
mation to English of the passages used. The present experiment is in part a replica- 
tion of this work and in part an extension. 


MATERIALS 


The passages used in the experiment were 200-word statistical approximations to 
English. These were constructed by the method due to Shannon (1951) and Miller 
(Miller and Selfridge, 1950) and typed on quarto paper in pica. The used were 
the Zero, 1st to 6th and 8th order passages. The first hundred in the 2nd, 4th, 
6th and 8th order lists are due to Taylor and Moray (1960) and were used by their kind 
permission. The subjects who generated the remaining words were undergraduate and 
senior members of Reading University. 


APPARATUS 


In addition to examining the relation between the order of approximation of a 
passage and the speed of reading for that passage, changes in eye-movements during the 
reading were studied. What was required was to discover whether the change that took 
place in the eye-movements as the speed increased consisted of a change in the number 
of fixations or regressions, or a change in the duration of fixations. 

Eye-movements were recorded by the technique of electro-oculography, described 
by Shackel and his co-workers (Shackel, Sloan and Warr, 1958; Shackel, 1960) among 
others. This technique utilizes the presence of.a standing potential difference between 
the front and back of the eye-ball. The field from this dipole moves as the eye-ball 
rotates, and electrodes placed on the skin surface will detect the resulting change in 
de. potential which is then amplified and recorded on paper as a continuous record of 
the position of the eyes. The electrodes used were of the suction type (Shackel, 1958). 

The electrical system is shown in schematic form in Figure r. The preamplifier was 


Pre - amplifier 


Drift correcter | Filter Eye movements 


rodes 
e | Speech record 
Main amplifier Pen recorder 
Throat microphone 
FIGURE 1 E 
Apparatus. E 


; the main 

a balanced chopper d.c. preamplifier, designed by Dr. yis ad W. oe gong mim a 
amplifier was a Southern Instruments No. 357 and J pen ni : 
igien Instruments Pen Osor pH. Kp a 7 A three-stage cascad 
T made by the writer and optimized empiric: a p without 
aving too long a time-constant. Only the horizontal doped e eid. > ; 


Tes ith hi . away from 
The subject’s forehead rested on a padded, rigid bar, vim dx oe pecie The 
the text, the position of which was adjusted so that TO its existing state was prone 
Sibject's head was not otherwise fixed, since the app Aides and the experimenter's 

drift in any case (this varied with the subject, the electro ts would have been at the 
“mpetence), Any attempt to plot precisely ie Reon Pee 
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expense of making the subject more uncomfortable, and the reliability of such assignments 
would have been low. Head movements were rare and could easily be discriminated 
from eye-movements on the record. 

Thirty-two male subjects were used, senior and student members of the university, 


PROCEDURE 


The electrodes and throat microphone were fitted to the subject, who was made as 
comfortable as possible in the reading position. The subject then fixated a card on the 
reading stand and the apparatus was adjusted so that fixations at the edge of the card, 
equivalent to the length of line of the passage, caused the pen to cover about three quarters 
of the width of the recording paper. To accustom tlie subject to the apparatus, and vice 
versa, he was asked t» read aloud a 450-word passage from the Pelican Economics of 
Everyday Life. Then the passages of approximation were presented, according to four 
8 x 8 Latin Square designs, with instructions to read them “as quickly as possible, 
minimizing errors." The subject first fixated three calibration points at the top of the 
paper, then he read the heading before going straight on to the passage. 

Subjects were told to read the passages without trying to give them any meaning, 
and were warned that they were all nonsense passages. After the eight lists had been 
read, a further text from the same book was presented, 444 words long, with instructions 
to read it, as far as possible, without regard to punctuation or meaning. Many of the 
subjects found this instruction hard to obey. 

The experiment took anything from 20 min. to an hour, depending on the speed of 
reading, and on whether the apparatus functioned smoothly. 

5 
RESULTS AND DISCUSSION 


Sample records are shown in Figure 2. Eye-movements could be distinguished 
on the records, and the precise time at which separate words were spoken could be 
seen from the second channel. The clarity of these records varied considerably 

- from subject to subject. Although apparatus noise was low, there was interference 
due to brain rhythms and especially to impulses in the speech muscles (compare the 
silent and oral reading records). Thus a certain amount of visual filtering had to be 
done to discriminate between noise and eye movements. In fact many of the records 
had to be rejected because of the low degree of confidence with which the eye 
movements could be distinguished from interference. 


aC) 
Subject 3-4 First Order 


themselves 


o 


I 

2, 
3. 
4. 
5. 


Sample records for eye movements. 
Notes 
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XI8 
Line 19 


warehouse 


central 


Subject 3-4 


Subject 8-1 


FIGURE 


2 
(a) and (b) Oral Reading; (c) Silent Reading. 


- T = regression. H = Head movement. i 
line in silent reading, and they are 


For^both subjects there are fewer fixations per 
of shorter duration than those in oral reading. _ 
A comparison of the records of subject 3-4 9n sile: 
interference due to the speech organs. 
On the oral reading records, “M” represents à place marked on the record at the 
time the word was spoken. : 
CX” represents the time when the eye leaves the end of a line. 
..Y" is the time when the last word on the line has been spoken. 

XY” is the eye-voice span. 


nt and oral reading shows the 


E 
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The assigning of the positions of the words on the record was facilitated by noting 
the positions of the pauses on the tape recording, and also by marking (on the record) 
the position of key words as they were spoken. Only three records of the speech 
had to be rejected. 


I. Speed of reading 


The time taken to read the passages was measured from the record on the second 
channel. Since the effect of the order of presentation of the passages was negligible, 
the results for each order of approximátion and for the text were pooled across 
subjects. Since there are differences between the passages with regard to the mean 
number of syllables and letters per word (these» figures are given in Table I), the 
speed was calculated for all the measures separately. The mean times per passage, 
and the mean times in sec. per word, syllable and letterspace are given in Table II. 


TABLE I 
MEAN NUMBER OF SYLLABLES AND LETTERS PER WORD 


Zero | First | Second | Third | Fourth | Fifth | Sixth | Eighth | Text 
Syllables 2:615 | 1-490 | 1-415 | 1:345 | 1-410 | 1-430 | 1:520 | 1°515 | 1°54 
Letters 7:850 | 4:675 | 4:335 | 4:280 | 4-410 | 4:285 | 4:605 | 4:685 | 4707 
Ih l Ő- 
TABLE II 
SPEEDS OF READING AND TIME FOR READING 
Mean speed of reading x 
No. of Mean time T 
Passages words in sec. sec. [word sec./syll. millisec.|letter-space 
Zero... 200 140:38 0:702 0:268 | Pod 
Ditches es. 200 71:57 0:385 0:240 | 63:80 
Second .. 200 58:07 0:290 0:205 | 5520 
Pres us 200 53:37 0:267 0-198 5r17 
ourth .. 200 52:53 0:263 o:186 4923 
Es 35 200 51:28 0:256 0:179 4917 
Es a 200 54:07 0:270 o178 | 48:10 
ros 200 54°44 0:272 0:180 48:48 
ext 444 15:54 0:260 0:169 4621 
ee UTI UIS SA YE RENE MEE MEL 


The time for reading the whole passage decreases significantly only to the 3rd 
order, as in the Sumby and Pollack (1954) experiment. (All stated differences are 
significant at p = 0-05 atleast. There is also a significant increase in time between 


the 5th and 6th order. This latter finding, which is unexpected from, a simple . 


informational viewpoint may be partly explained by considering the differences 
between the passages in the mean word length previously mentioned. 

Time per unit is used as a metric since this measure is more normally distributed. 
For linguistic convenience the term “speed” will be used hereafter instead of 3 
inverse. The mean speed of reading by sec. per syllable increases up to the 5t 
order, and the speed for the text is greater than that for any of the approximations: 
The results using sec. per letter-space are substantially the same. 
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Differences between fast and. slow eis 

readers use context Ee ree Se maet t 
context. Thus we would expect the fast readers to increase ted ph at 
to higher orders of approximation than the slow readers. ^ ir reading speed up 
prediction the 32 subjects were divided into two groups of 16 Due to test this 
speed of reading, as measured by sec. per syllable, over all the ng to their mean 
speeds of the two groups on the different passages are shown A ca -— 
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FIGURE 3 
E Comparison of speeds of fast and slow readers. 


are treated as if the successive orders of approxi- 


mation were equidistant points in a continuum indicated by the abscissae, and the 
Points on the graphs have been joined together. There is no justification for this 


procedure apart from that of convenience of presentation. 
its speed only to the 5th order, we would predict 


tween the 5th and 6th orders. A 

Comparison of the mean changes in speed between the 5th and the 6th order 

t : rs showed that the two groups differ; the fast 

, po increasing their speed significantly (p < 0025. Wilcoxon Test). There was 

Th difference in speed between the 6th and 8th order passages for either group. 

fo us the faster readers may be said to be able to utilize the additional constraints 

E in the sixth order whereas the slow reader is limited in his use of contextual 

h mstraint to those found in the fifth order passage. This confirms the secondary 
pothesis, and is compatible with the original hypothesis. 

Individual differences. There was à wide range of reading speeds among the group. 

hus, the times for reading the O-order passage ranged from 103 to 182 sec., and for 
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the 8th order passage from 40 to 71sec. Product-moment correlations for reading 
times were calculated between all pairs of passages and between all the passages and 
the mean time per subject. All the correlations were significant beyond the 
p = 0-001 level, half of them being greater than 7 = 0:87, and the lowest correlation, 
7 — 0:727, being between the times for the zero order passage and the text. The 
size of even this correlation might in part be due to differences in motivation or 
interpretation of instructions, but probably also indicates the presence of general 
oral reading skills which apply both to disconnected, often unfamiliar polysyllabic 
words and to connected prose." Since Morton (1959) found a relationship between 
amount of leisure reading and reading efficiency (defined as the product of (silent) 
reading speed and comprehension) a likely explanation is that people who read more, 
both develop more efficient ways of using contextual constraint, and also have more 
experience of dealing with unfamiliar words. In this way they would be superior 
on all passages, and, as shown above, would be able to utilize additional contextual 
constraints. 

“Meaning” and the approximations. In the present experiment the performance 
on the text is significantly better (6 <o-or) than that on the approximations. 
This was in spite of the fact that many of the subjects observed punctuation and 
meaning pauses, which added an average of about 12 sec. to the time of reading or 
0-013 sec. per syllable. Miller and Selfridge (1950) however, in an experiment on 
immediate memory, found no equivalent increase in recall on their prose passages 
and concluded that "meaning" is not important in recall. This presupposes that 
there is nothing "meaningful" about the approximation passages. However, several 
of the present subjects reported that they were assisted in their reading of the fourth 
or fifth and higher order passages by treating sections of the passage as meaningful 
units, In addition, in the Miller and Selfridge experiment, the words were read out 
"slowly and distinctly in a near monotone with a short pause between words; 
(pp. 180-1). It seems probably that additional meaningfulness of the text would 
be obscured by such a procedure. Under different conditions of presentation it 
might well be found that "meaning" aids recall as well as assisting in reading. It 
might also be noted that if the Miller and Selfridge results are recalculated on the 
basis of a syllable unit (using estimates from the passages they quote on pp. 184-5 


and the graph on p. 18r) the amount of textual material recalled rises above that for. 


the approximations. 
2. Errors 


The mean number of errors decreased to the 5th order. Assuming that errors 
are caused by excessive speed of reading, the differences in speed up to that pointe 
be less than they would have been with error-free performance. There ho 
relationship between a subject's mean speed of reading and the number of uncorrecte 
errors. 

It might be noted that many errors were made and corrected, and no allowance 
was made for this waste of time in calculating the speed of reading. The effect of 
error-correction was to introduce a random element into the individual speeds p 
it was assumed that this would average out for the group results. The total numba 
of corrected errors was about the same for all passages. 

The nature of the corrected and uncorrected errors is discussed elsewhere (Morton: 
1961, 1964). 

3. Eye-voice span 


The eye-voice span is a measure of the amount of material or time by which i 
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voice lags behind the éyes in oral reading. Fairbanks (1937) has shown how the size 
of the material-span varies during reading. His results show that the span falls 
during regressions and refixations (ie. a regression immediately following the first 
! fixation on a line) and at the end of a sentence. Any pause in the speech which is 
unaccompanied by a regression resulted in the span lengthening, but at times, when 
a regression accompanied the correction of an error, the span would fall to nothing. 


In order to measure the span, it is necessary to know precisely the fixation point of 
the eyes. In the present experiment, the position of the eyes could be told for certain 
only at the end of a line. On the record, the span on any line is the distance between the 
point where the eye begins the return sweep to the beginnipg of the next line and the 
point when the last word on the line had been spoken, This is iljustrated on the sample 
records shown in Figure 2. The span was measured in two ways: 

(a) Material (words, syllables, letter-spaces). These represent the amount of 
material which is no longer seen but has not yet been spoken at the instant the eye starts 
the return sweep. 

(b) Time. This is the interval between the instant when the last word in the line 
was no lohger being fixated and the instant it had been spoken. 

As has been noted, a pause in the speech or a corrected error can alter the span 
considerably, and the relative effects of these upon time span and material span varied 
with the circumstances. Where such phenomena occurred within the measured span, 
that line was rejected if the pause was greater than 600 millisec., or if the error caused 
a regression back from the beginning of the next line. The levels of the material and time 
spans on the text would be reduced, relative to the other passages, by the tendency to 
observe meaning and punctuation pauses, and are so not strictly comparable. 


Results (see Table III). 


TABLE III 
Mean Measures OF EYE-VoICE SPAN 


Material span 


Time span 
Passage in millisec. 


ERES 
Zero .. m. 621 
First v. 617 
L Second re 618 
Third B^ 616 
Fourth e 636 
Fifth .. NN 615 
Sixth p 673 
Eighth x 708 
Mest.. is 641 


i i the means of measurements 
The results, shown in this table and Figures 5-6, represent m 
| taken on the last five lines of legible record on each passage for each of 29 subj 
(Three of the speech records were undecipherable.) 
of words in the span upset ed the 
ars to be related to differences in Wor length. 
3th order and then falls. The drop appe ala (hé ee 


When measured by syllables or letter-spaces, is toute we se e d 
but the difference is not significant 


appear to use that additional constraint between 5th med và 
the slow group, which was deduced from their reading Speet* 
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(b) Time span. The time span remains approximately constant up to the 5th 

order and then increases to the 8th order. For all approximations the slow group has 

a larger mean time span (Fig. 5), but the difference is only significant for the 8th order 

(b < 0:05, two-tailed: Mann-Whitney test) The average speed and the average 
time span for the approximations are related with 7 = —0:249 (p = 0:026). 
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Eye-voice span in syllables for fast and slow readers. 
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FIGURE 5 
Eye-voice span in millisec. for fast and slow readers. 
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Fairbanks (1937) and Buswell (1920) also found that good readers had a higher 
material span than poor readers. However, in addition they reported a higher time 
span for good readers, a result not replicated in the present study. This might be 
due to differences in reading speeds between the studies. 

Dependence of time span upon material span and speed. The two measures of 
material and time span are often treated as if they were in some way equivalent and 
independent of any other variable. Thus Fairbanks (1937) in referring to the concept 
of span remarks: “It is felt that ‘lead’ is more descriptive of the kind of eye-voice 

relation as it usually obtains,” implying that ‘lead’ had the same significance in any 
unit: and Woodworth and Schlosberg (1954) say: “With experienced readers the 
span is as long as eight words, 2 seconds or a line of print, depending on which unit 
of measurement one prefers to consider” (p. 507). 

However, it is clear that the rate of reading equals the material span divided by 
the time span (which we will write as R = M/T). At any speed of reading, either 
of the two measures can, theoretically, take any value, and the value of the other 
measure is then determined. With increasing constraint up to the 5th order, M 
rises roughly proportional to R while T remains roughly constant. It seems likely 
then that T is a variable dependent upon the values of R and M. 

Tendency to speed up at end of lines. The equation R = M/T can be used to 
estimate the speed of reading at the ends of the lines (where the span was measured). 
This speed measure was compared with the measured speed (S) for the püssage. 
Apart from the 4th order, R is greater than S for both fast and slow readers. In 
general then, the reading speed is faster than average at the ends of lines. From 
Fairbank's (1937) result, that the material span at the ends of lines is approximately 
equal to the average for the passage, then the present measures of time span must 
be underestimates of the average value. 

- 


3, Eye-movements ) 

Two eye-movement measures were taken on each of six lines for each passage, 1e. 
about half the record: n HEN 

a) The mean duration of fixation. For each line this was taken as the. e b tween 
the Rete ofthe first PB eee and the end of the last fixation on that line divided by 
the total number of fixations for that line. The measure included the time taken zi t 
actual moves from one fixation point to the next, and accordingly all the a quoted are 
about 15 millisec. (Tinker, 1947) in excess of the true duration for a fixation. 


(6) The mean number of forward saccadic movements and regressive movements per line. 


Sample records are presented in Figure 2. pre. hacen 


with confidence, No more than six lines could be taken without reducing the number of 


subjects whose records could be included. — . : SENS 
Tt should be noted that there is a variation in the eye rom line to line i 


eons passage. PN p addition the length of the saccadic movements 


| reading errors are made and corrected. I 


1 and the duration of individual fixations have a wide range. UR 


urati j +. time), The mean fixation times for the different 
pF orem "pes is the mean of from 80 to 120 fixations 


ean fixation 
ch of the sub-groups. The longer m 
pe d be due to the fact that some eye dto on 
when à 
that passage were too S have occurr 


i i ined. Apart from this there 
Particularly unusual word was being carefully Wm "e às 


passages are given in Table I 
averaged over nine subjects 


time on the Z der passage coul : 
oe were mee ill to be recorded; these might 


fixations ranges from 180 to 350 millisec. on most passages 
. Results 
| àppears to be no difference in fixation time amon; 
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: TABLE IV 
MEAN DURATION OF Fixation. Fast vs. SLOW READERS 
(measures in millisec.) 


——————————————————————— 


Passage Fast group (n — 9) | Slow group (n — 9) | Difference 
Zero 32 E 260 252 | 8 
First s3 = 244 241 3 
Second .. 5 238 , 243 | —5 
Third s m 238 s 247 | —9 
Fourth .. $e s 234 242 —8 
Fifth zs mm 235 e 236 | —I 
Sixth es "m 243 235 | 8 
Eighth .. e 243 243 o 
Text T es 245 238 | 7 

| 


———————————————À————————— 


An analysis of variance, from which the Zero order results were omitted, was 
carried out on the individual's scores, and is summarized in Table V. “There are 
relatively large inter-subject differences and negligible intra-subject variations 
between passages. The “Group” source concerns the division between fast and slow 


readers referred to below. The individual mean fixation times ranged from 219 
to 281 millisec. 


TABLE V 
ANALYSIS OF VARIANCE OF THE FIXATION TIMES 
Source D.F. EE ws. | F 
Between groups (G) I 14* | i | SH 
u e. 4°40 14°40 
Between subjects " 16 3233360 2020:80 15:432 (p < oar) 
Between passages (P) .. 7 891-22 127:32 <I 
PXG. = ne 7 129060 | 18437 1408 
Residue .. Po 3 112 14666-70 130:95 | 
| | 

Total .. 143 49196-52 | 

—— i á—q a eme MERE QE EE Ens EE 


The stability of the average fixation time has been noted previously by Buswell 
(1922), Robinson (1933) and Stone (1941) who measured eye-movements of subjects 
reading passages of varying difficulty. Whereas there were differences between the 
passages in the number of fixations, the duration remained constant. Tinker (1951 
however, did find differences in mean fixation time between easy prose (220 millisec. 
and scientific material (236 millisec.). Such a difference would be found if the eye 
made a number of undetectibly small fixations on unusual words, thus biasing ge 
mean, as seemed to happen on the Zero order passage in the present experiment: 
Tinker gives no information which might help to settle that point. 


The problem arises as to what determines the duration of a fixation. Tinker , 


(1958) considers perception time, thinking time and reaction time to’ “eccentn® 
stimulation" (p. 218) as being included in the total fixation time. However A 
regards I00 millisec. (an adequate tachistoscopic exposure "for a well cleared UP 
percepuon “p; 218) as suitable for the perception time, and quotes several T 
for reaction time, centering on about 170 millisec. (the same order of magniti i 
found by the writer in his own rather crude check). The average fixation time i 

present study is less than 250 millisec. for oral reading, and individual fixations 
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especially in silent reading, were as brief as 170 fnillisec. Thus the notion that 


Leye-movements are triggered after analysis of the immediate stimulus is clearly 


a 


inadequate as a general rule, since there is no time, or less than no time, available for 
either the initial clearing-up process, or the comprehension time. It often happens 
that an individual word will be fixated for an extended period, when the sequence 
described may take place, but in rapid reading some other mechanism clearly 
operates. 

Carmichael (1957) goes even further than Tinker, and says: “. . . the measurement 
of fixation times after regressive movements must be related to complex brain 
activity and . . . it is associated with an identifiable segment or unit of thought. This 
technique demonstrates that this total complex cognitive fime may be as short as one 
fifth of a second or less" (p. 7: present writer's italics). Carmichael seems to be 
making the mistake of supposing that all the comprehension processes relevant to 
an immediate stimulus must be completed before the eye can move on. There seems 
however to be no a priori reason to suppose that the visual and comprehension analyses 
(wherever and however they take place) could not function simultaneously on different 
material, Indeed the very existence of regressive movements indicates that the 
eyes move on before the material fixated has been adequately processed. 

It seems then that the signal for the eyes to move can be given before the 
immediate stimulus has been analysed, and since the mean duration of regressions 
is the same as that of forward fixations, one need construct no special theories nor 
make special deductions regarding them. 

(b) Number of pev regressions. The mean number of forward and 
Iegressive eye movements per line, and also the difference between these two measures, 
are given in Table VI. The total number of fixations decreased to the 5th order. 
This is a necessary concomitant of the invariance of the mean fixation time and the 
increase in speed to the fifth order. Of more interest is the small change in - 
difference measures. Up to two-thirds of the difference in the total number 0 
forward movements could be contributed by the necessity of returning the eyes to 
the pre-regression fixation point and hence they are a direct result of the regression. 


TABLE VI 
MEAN NUMBER OF EYE MovEMENTS PER LINE 


Forward TOM) 
Passage movements (F)* (F-M) 
Zero E Ks, 16:31 mos 
First A oe 14°58 962 
Second <a.) ag 13°30 3.86 
Third s vis 12:22 940 
Bourth -aa E 12:30 739 
Fifth x id 10:77 275 
mu 5 va 1034 840 
ighth 44 | ae 113 8-2 
3 Wilcoxon test. 


p < 0025 on the 


E z -nificant with a t-test 
ese differences are signifi 6, 8, text 


* o 1m2/2 954 75i 

**o0»212223 >45 
2>6 

*** 0,1,2,4 72 5 6, 8, text 
12375 
8276 
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In some cases the post-regressión movement takes the eye beyond the pre-regression 
fixation point, but not always. It was not possible to obtain precise data from the 
present records. 

Cherry (1957) discusses the possibility of applying the concept of "feed-back" 
to the reading situation, and wonders whether "the point to which the vision is 
shifted, in any one saccade, may be the result of a prediction based on previous 
perception" (p. 286). The implication is that more difficult passages would require 
shorter movements, and to some extent his idea is confirmed. However, the 
increase in the number of those regressive movements unconnected with errors as 
the order of approximation decreases indicates that the regulation of the saccade 
size is inadequate to compensate completely for the differences in difficulty of the 
passages. 

In summary, it can be said that the mean duration of fixation in an oral reading 
task is independent of the redundancy of the passage and that the main effect upon 
eye movements is that there are more regressions in the less constrained passages, 
with the addition of a slightly smaller mean size of saccade. 


18-40 
PN Eye movements of fast and slow readers 
e N Fast group (N=9) 
W `o, Slow group (N=9).__ 


s -e 


s 
È 
s 5 EN se 
E e 
$ Forward movements (f) o 
5 10. J 
d A 
one NL --e-- 
e M Difference (f-r) 
m 
2 nJ 
E 3 
E 
L1 
i. 
HUE ECL d 
-e 
2 
0 
4. 5 6 8 ‘text 
Passage 
FIGURE 6 


Eye movements for fast and slow readers. 


The results are in agreement with those of Anderson and Swanson (1937); in 85 


much as the superiority of the good readers in oral reading takes the form of fewer 
eye movements, 


| 
| 


1 


" 
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(c) The correction of errors. The eye-movemént and speech records were 
examined to see if there was any relationship between the correction of an error and 
regressive movements. A corrected error, in this context, includes a word partially 
spoken correctly, and then repeated. Inadequacy of the records prevented exami- 
nation of more than 33 corrections, a quarter of the total, but the results seem 
sufficient for certain general conclusions to be drawn. 


(1) Only 23 of the 33 examples studied were accompanied by regressions. There 
was, furthermore, no relationship between the category (Omission, Substitution, 
Transposition, etc.) of an error and whether it had been accompanied by a regression 


or not. * a 


(2) When a regression did occur, it occurred anywhere frm 600 millisec. before 
the voice had paused after an error, to 600 millisec. after the pause. In other words, 
sometimes the regression enables the error to be noted, and sometimes a i 
would be made because the error had been made and noted, perhaps via auditory 
feed-back. 

(3) The correct word was spoken from between 250 and 600 millisec, after the 
start of the regression fixation. 


\ 


CONCLUSIONS 


The amount of contextual constraint in a passage affects directly the spéed % 
reading, the amount of material in the eye-voice span and the mean — Sy 
fixations and regressions per line. Comparisons of changes in reading speed an 
Size of the span show that fast readers can utilize more ae deren 
slow readers. The eye-voice span measured in time units can be sho 
dependent upon the material in the span and the speed of reading. The mean 


L] 
; The research reported here ya Red y 
studentship at the Department of Psychology, 3 ra 
my gratitude to Professor M. D. Vernon who supervised thi vo ee d 
acknowledge the help of Dr. E. F. R. W. Crossman at all aint dx various 
of my present colleagues who have discussed many of the problems. 
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SHORTER ARTICLES AND NOTES 


LEFT-RIGHT DIFFERENCES IN THE 
PERCEPTION OF MELODIES 


BY 
DOREEN KIMURA” 
From the Montreal Neurological Institutes 


Normal subjects were given two auditory tests, one consisting of spoken digits 
presented dichotically, the other of melodies presented dichotically. On the Digits test, 
the score for the right ear was higher than for the left (as previously established), and on 
the Melodies test the score for the left ear was higher than for the right. These findings 
were related to the different roles of the right and left hemispheres of the brain in verbal 
aid nonverbal perception. 


INTRODUCTION 


The neural substrate for musical ability has been the subject of much inconclusive 
discussion. The traditional view, based on clinical studies of “amusia,” is that the left 
hemisphere, particularly the left temporal lobe, is the area most concerned with a 
E (Henschen and Schaller, 1925; Ustvedt, 1937). he db Mee aed seis 

e Taare i D 

twofold disadvantage of an incomplete knowledge o sates in FTON, 

instead that efficient 


2 " 1 
- perfo : ice F i tasks rests more with the right tempora! 
Performance on certain nonverbal auditory t scores on the Timbre and Tonal 


Memory subtests of the Seashore Measures of Musical talents were depressed by right 


ts arriving 

Soken digits were presented simultaneously to the two ears, | digi 
digits É ipi t the left. This 
åt the right ear were more efficiently recognized than digits arriving d ae 


METHOD mous 

E will be described in 

Two auditory tasks were presented on different days. cua tes were employed. 

Wi below. For the tests a dual-channel by ed leval “na this level was checked 
volume for each ear was set to a comfortable stan 1 hones were rev: 


: the earp! 
“lore every test session. For half the subjects on each lios were counterbalanced over 


S9 that an. Hn ies in the tape or apparatus n aly attending 
y remaining asymmetries 1n : m selectively à 
[m is. Throughout ober the subject was discouraged fro 
l 0 one ear, * 
EC te nurses. They were all 
ti Subjects were 20 female student nurses and postgradua 
Üüht-hàngeq. 
Digits , 
est was 
T ique (Broadbent, 1954), 
ij, Lis test, employing variations of the Broadbent Lage AY Tt consisted of the 
Henticag with the nie E in the earlier study (Kimura, 
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nem) 


presentation of groups of spoken digits in pairs so that different numbers arrived at the 
two ears simultaneously. After three such pairs (six digits), the subject reported all the 
numbers he had heard, in any order heliked. Maximum score for each ear is 96. 


Melodies test 


The individual melodies were excerpts from solo passages in concertos by Mozart, 
Telemann, Vivaldi, Bach, and Antonini. Most of the instruments recorded were 
woodwinds, but there were occasional violin, viola, and cello excerpts. Eighty such 
passages were tape recorded from commercial records and subsequently classified into 
20 sets of four. Within each set of four, melodies, the same instrument was used, and 
an attempt was made to have the pitch range and the tempo very similar, leaving as the 
main clue the melodjc pattern. The original passages were then re-recorded to make 
melodies of 4-sec. duration. For each set, two of the four melodies were first played 
simultaneously on the two separate channels, so that one melody was heard in one ear 
at the same time that the other was played in the other ear. There was then a 4-sec. 
silence and the four melodies were played in succession, in normal binaural fashion, i.e. 
with the same melody in each ear. There was a 3-sec. gap between melodies, Thus 
the two melodies first heard dichotically were repeated separately, and the subject had - 
simply to identify which two they were. He would reply, for example, ‘They were the - 
second and third," or “First and fourth," whatever he thought was correct. The 
position of the repeated melodies was varied in a counterbalanced manner from set to set. 
The score for each ear was the number of correct identifications for that ear. Since the 
first two were used for practice, there were 18 sets in the test proper, making a total 
possible score of 18 for each ear. 

LI 


RESULTS 


Results are shown in Table I. On the Melodies test, the score for the left ear is 
significantly superior to that for the right, whereas on the Digits test, the right ear is 
superior (¢ test for correlated means). From Table II it can be seen that 16 of the 20 
subjects have a higher score for the left ear on the Melodies test, and 15 of the same 


TABLE I 
Mean Torar Correct (N = 20) p 


| 3 
Left ear Right ear t ratio 


Melodies .. 3:578 
Digits 


13°55 (75 per cent.) 11:3 (63 per cent.) 
2:83* 


86-7 (9o per cent.) 90:3 (94 per cent.) 


** b < oor 4 
* p < 0:02 
TABLE II 
NUMBER or SUBJECTS SHOWING DESIGNATED EAR SUPERIORITY ON 
Two Tests (N = 20) 
Better on left No difference Better on vish 
Melodies .. za 16 2 2 
Digits 3 2 15 


20 subjects have a higher score for the right ear on the Digits test. There is thusa cleat- 
cut differentiation between relative ear superiority on the two types of material. 


DISCUSSION . od than 

The fact that melodies presented to the left ear are more accurately recognized lays. 

those arriving at the right supports Milner's (1962) view that the right temporal lobe E ] 
a greater role in nonverbal auditory perception than does the left. Due to the 8" 


E s far i = 
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tflectiveness of the crossed pathways, melodies arriving at the left ear are more efficiently 
transmitted to the right temporal lobe, an area most important for their z 
than are melodies arriving at the right ear. An analogous but es occurs 
for verbal material presented to the two ears. Thus the left-right di which occur 
in the present study reflect an asymmetry of function in the two cerebral hemispheres. 

The asymmetry is not due to a difference in the sensitivity of the two temporal lobes 
to the frequency characteristics of sound, for the pure tone loss after temporal lobectomy 
js very slight, and the pattern of loss is the same after right temporal lobectomy as after 
left (Sinha, 1959). Rather, the differentiation appears to be along the verbal-nonverbal 
dimension, and among nonverbal sounds music may be especially effective in eliciting 
aleft-ear effect. This is suggested by a preliminary study employing the presentation 
of different numbers of clicks to the two ears simultaneously. The results again showed 
atrend for the left ear to have a higher score, but, unlike the regalts for melodies, the 
effect was not significant. The right hemisphere may thus be especially important for 
the perception of melodic patterns. It does not follow, however, that it is dominant 
for all musical functions, for both Milner's study (1962) and the present one have 
emphasized the perceptual aspects of musical ability. 

The fact that performance on the Seashore tests is not affected by the addition of 
Heschl's gyrus to a standard temporal lobectomy (Milner, 1962) suggests that the 
difference in auditory function between right and left temporal lobes does not depend on 
adifference between the primary auditory areas. It appears, for musical ability at least, 
that the observed left-right asymmetries depend on some areas of brain beyond Heschl's 
gyrus. Although the efferent connections of the primary auditory area in man are not 
completely known, there appear to be direct projections to the surrounding superior 
temporal gyrus (Bonin, 1950) and the posterior insular gyrus (Pfeifer, 1920) on the same 
side. It seems reasonable to consider these direct pathways as responsible fox the 
differences found in the present study, since areas more remote from Heschl's gyrus should 
lave a higher probability of being stimulated equally by ipsilateral and contralateral 
ears. " 

The asvmmetries observed here occur only under conditions of dichotic stimulation. 
Inan unpublished study, the Timbre test of the Seashore battery was presented to a group 
of normal subjects, one ear at a time, on two separate occasions. This procedure 
yielded no difference between ears. Similarly, the right-ear effect for digits occurs to a 


ignore for the present argument the 
t commaisnral connections to bead TH 
: is sti ata 
Since this would be a much slower connection. ] Sheps ren ties I TAA ofa 
time, the difference between ears may not Ls n iori ra pathways, however, those 
ation trave E in this case, left ear) 


enhance the di between the two pathways. Res: tosiluteral 

An asepmption Pi this argument is that the nan ENE enr aa 
and contralateral pathways is in the number of meg ey (1951) suggest that this is so. 
from animal studies by both Tunturi (1946) and eninge heen taken from ipsilateral 
ey found that if a click was presented to the d between the responses at these two 
ad contralateral auditory cortex, the only differenc in either latency or duration. 
Sides was in amplitude. There was no detectable a apil from the contrala 

us it does appear that it is not the earlier arrivé this study, but rather, it is due to 
Pathways which results in the asymmetries Founda T 


© greater number of impulses. 


a 
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ACCURACY OF RECOGNITION FOR SPEECH PRESENTED 
TO THE RIGHT AND LEFT EARS 


BY 
D. E. BROADBENT and MARGARET GREGORY 
From the Medical Research Council Applied Psychology Research Unit, Cambridge 


Earlier reports by other authors had shown that recall of dichotically presented speech 
was better for words arriving at the right ear, while tion of gassages of music was 
better for music presented to the left ear. It seemed desirable«to test recognition for 
speech, in order to show that the difference between materials rather than the difference 
in testing techniques was responsible for this disparity between ears, 

Accordingly 18 men were presented with dichotic lists of digits, and then tested for 
recognition of the digits. There was no indication of an advantage for the left car, but 
rather of the advantage for the right already established for recall of speech materials, 


digits are presented simultaneously to the two ears of a listener, he will be more likely 
to recall successfully those on the right ear as opposed to those on the left. Kimura 
(1964) has, however, shown that if passages of music are presented a m e 
same way, it is the passage on the left ear which is most likely to be recognized. use 
of the difficulty of requiring the listeners themselves to reproduce the musical stimulus, 
recognition of the correct item out of several alternatives was necessarily employed by 
Kimura. It might conceivably have been argued therefore that the distinction in this 
case is not the use of music rather than speech as the stimulus, but rather the use of 
Tecognition rather than recall as the testing technique. The present experiment used 
Speech stimuli and recognition as the method of testing. 


° METHOD 
Apparatus and material 
resented on a Ferrograph twin channel recorder through 
ear. Following the usual convention, we will call 
“binaural” and that which differs on the two ears 


“dichotic.” Fach trial consisted of the number of the trial, 
followed by three pairs of digits arriving dichotically and simaltaneoniiy at the ord s 
pne pair per] sec, These pairs of digits were followed, after an interval o! ia — TUE 
groups of three digits presented binaurally at the rate of one digit reek = oo 
lsec. gap between each group. Of the four binaural triads die Wo. A": 
one triad corresponded to the digits previously given to the right ear, 

corresponded to that given previously to the left ear. The 


two triads. For example: 


R ear only 483 
We ia 403 039 038 


Both ears Trial 1 
eure 


L ear only 


i t 
. The gains of the two channels were adjusted so tha i resen 
lists Heer approximate the same loudness in both ears and the binaurally p 
Se was heard as more jailed ud wein Wero lv. «e: 
Onditions far f. being fu e ga b ichoti ted tri 
The maternis pu so that in each trial the ed dichotically presen 
hich was not in the same seri po 


d one digit in common w! Serer ver, two items 
triads which van not identical with either of the dichotic lists had, howe’ i 


in common with one of them and one with the jeu This Aet b^ triads 
en oa a ao shea test, and one was in the second pair. 
Was in the first two alternatives of the recognition test, 


) 
‘ INTRODUCTION 
It is now well established (Bryden, 1963; Kimura, 1961) that when two sets of spoken 


a 
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Each of the four possible arrangements of the two correct triads occurred with equal 
frequency, and the first correct alternative was in equal numbers of cases that from the 
right ear and from the left. 


Subjects and procedure 


Eighteen naval ratings between the ages of 18 and 30 were tested individually, each 
having one presentation of the 24 trials. Nine of the subjects had the material recorded 
on the upper track of the tape presented to the right ear and that on the lower to the left, 
and the other nine vice versa. This was to rule out any advantage that might be 
attached to lists recorded on one particular channel and also to allow for the possibility 
that the particular lists recorded«on one of the tracks might be easier to remember than 
those on the other. : 

Each subject was'given an explanation with the aid of diagrammatic examples of 
what he would hear. He was instructed to write dówn after each trial which two of the 
four groups for recognition corresponded to the lists he had heard separately on the two 
ears. After the test was over the subject was asked whether he was right- or left-handed. 

The two scores taken were the number of errors made on the right ear and on the left. 


That is, for each ear the number of trials in which the correct alternative corresponding 
to that ear had not been identified. 


RESULTS 

The results showed a tendency for more errors to be made on the lists presented to 
the left ear. The percentages of wrong identification for the two ears are given below. 

R ear L ear 
22:9 per cent. 26:9 per cent. 
Thirteen subjects made more errors on the lists presented to the left ear than on those 
arriving on the right, and five subjects made more errors on the right than on the left. 
This result is just significant p = 0-05 by a one-tailed test. t 

There were three subjects who said they were left-handed and wrote with their left 
hands; all three made more errors on the lists presented to the left ear. 


^ 


Discussion 


LI 

. While the results would not perhaps by themselves be very convincing evidence ofa 
priority for the right ear, they are sufficient to confirm the difference already established 
by Bryden and Kimura. There is no indication that recognition as opposed to recal 
reverses the advantage of the right ear. Thus Kimura (1964) must be taken as demon- 
strating that the use of music rather than speech gives an advantage to the left ear. 


Thanks are due to Dr. Brenda Milner for the discussion which gave rise to this 
experiment. o 
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REPETITION AND THE RECOGNITION OF PAIRED 
ASSOCIATE ITEMS 


BY 
PETER B. WARR 
From the Department of Psychology, University of Sheffield 


It is suggested that incremental learning of paired associate iteps will be observable if 
learning is measured by recognition, rather than by recall. An experiment is reported 
which fails to support this hypothesis. Some factors which may be influencing the per- 
formance of subjects are briefly discussed. 


The writer has recently reported the results of a series of experiments investigating the 
effect of repeated presentation of items on learning in varying conditions (Warr, 1963, 
1964). These experiments have consistently failed to provide evidence for the hypothesis 
that learning proceeds on a wholly incremental basis, It is however possible that wholly 
incremental learning may be revealed if use is made of a recognition measure. The 
somewhat restricted experimental conditions in which verbal learning is usually studied 
may in fact conceal some learning, which might become apparent if learning were to be 
assessed by recognition rather than by recall. For instance, subjects who are unable to 
recall a response in the 3 sec. provided might exhibit learning of that response if they 
are asked to recognize it from an ensemble of several possible responses. ! 

The present experiment is a direct replication of an earlier one (Warr, 1963), with the 
exception that learning is measured by recognition of responses instead of by recall. It 

| was predicted that the results would support the incremental hypothesis, since a recogni- 
tion measure is presumably more sensitive than the customary assessment of learning by 
recall score. i A à k Each 

The experimental procedure involved six presentations of paired associate lists. = 
presentation (of 12 items) was followed by a recognition test, during which each ee 
tesm was presented with five possible response terms, one of which was — ss 
subjects were aware that the correct response was among these terms. As in the ap s 
experiment, the stimuli were letters or double letters, and the responses were dra 


i f Pe CC i i the same as those 
item, Experimental conditions, time intervals and instructions were 3 
used in the earlier experiment, Twenty-three subjects from the same population as 


previously, took part in the experiment. AU : 
“The effect of petes upon learning in these conditions is shown in Table I. It can 


AFTER EACH NUMBER OF PRESENTATIONS 


Items presented 


Items correct 


P(C) 0:379 0:369 0:333 Dass 


« » sed here by recognition tests, 
be seen that t bability of correct response, p(C)," assessed ems, This apparently 
declines sath RN oad of successive presentations of items 


TABLE I 
PROBABILITY OF CORRECT RESPONSE (RECOGNITION) 
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indicates that repetition hinders learning in these conditions rather than improving it. 
There is however a valid objection to this conclusion. The decline in p(C) with increasing 
numbers of presentations is an artefact, since some subjects do not require six presentations 
to learn all the items. In other words, not all subjects are contributing to the later values 
ofp(C). Thisartefact can be removed by analysing the results for the individual subjects 
in terms of the rank correlation between p (C,), p(C,) . . . p(Cn) and number of presenta- 
tions. When this analysis was carried out the mean value of rho was found to be +o-o1, 
A significant positive correlation of this kind indicates that repetition has resulted in 
improved learning; in this case no benefit has been derived by the group as a whole from 
repeated presentation of items. It is of interest, however, that individual differences in 
the effect of repetition are marked, The distribution of rho’s (to the nearest o-1) is shown 
in Table II. : 


LN ° 


ri TABLE II 


DISTRIBUTION OF RANK CORRELATIONS BETWEEN p(C,), p(C;) . . . p(Cn), AND NUMBER OF 
PRESENTATIONS FOR THE 23 SUBJECTS 


Frequency 
rho Positive Negative 
oo o o 
OI I o 
ə 02 I 2 
0:3 I I 
0*4 2 3 
0*5 H I 
0-6 o 3 
0:7 2 P 
o:8 I o 
0*9 I o 
ro I I D 


, Further analysis of the data suggests a possible interpretation of the variance exhibited 
inthis Table. Those subjects for whom a negative correlation was obtained had learned 
a mean of 22:33 items by the end of the experiment, whereas those subjects for whom the 
correlation was positive had learned a mean of 29:82 items. This difference is significant 
(U = 18; p<o-or). It is possible, therefore, that faster learners benefit from repetition, 
but that slower learners do not. This hypothesis is of course open to more direct test. 
The finding that the group as a whole has not benefited from repetition of items might 
be partly explained in terms of the persistent emission of the same incorrect responses. 
The use of a fixed ensemble of available responses in a recognition test allows calculation 
of the frequency of repetition of incorrect responses expected by chance; such a calculation 
, involves many uncertain assumptions when a recall measure is used. A x, comparison 
of the observed frequency of repetition of incorrect responses with the expected frequency 
(from an expansion of the multinomial distribution) indicated that errors were persisting 
(despite correction on intervening presentations) at a level well above chance. On the 
other hand, the observed frequency only exceeded the expected frequency for items not 
learned after three presentations. For items learned by the third presentation observe 
and expected frequencies were not significantly different. Since the majority of items 
were learned by the third presentation (see Table I), persistence of errors cannot be wholly 


responsible for the failure of subjects in th iti etition. Itis 
however likely that this is at least En uin penent from rep 


s uar lues 
Is at partly responsible for the steady decline in p(C) V4 
for the slower learners with increasing numbers of presentations. = 


It may be noted that in the original experiment, in which the procedure was identical 


to the present one in all respects except that a recall measure was employed, p(Cs«) W23 
Mints y ployed, Pat. 
significantly higher than p(C,). The failure to find such a difference here is somewhat 
surprising; as mentioned above it cannot be explained in terms of persistence of error; 
Neither is an explanation in terms of the more general concept of “item difficu 
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nsible, since such RE The 


ings are probably best interpreted in terms of a difference between recognition 
and recall, evidence for which has been in many studies. Further work is 
required to provide a higher-order explanation of this difference. 


This work was supported by a grant from D.S.I.R. to the Department of Psychology, 
University of Sheffield. The writer is grateful to Miss H. M. Davies, Department of 
Statistics, University of Sheffield for her advice on statistical treatment of the results. 
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IMMEDIATE MEMORY AND THE “PERCEPTION” 
OF LETTER SEQUENCES 


BY 
A. D. BADDELEY 
From the Medical Research Council Applied Psychology Research Unit, Cambridge 


It is suggested that the relationship observed by*Miller, Bruner and Postman (1954) 
between the redundanby and'the accuracy of reproduction of tachistoscopically presented 
letter sequences is not a perceptual effect as they suggest, but is due to the informational 
limitations of immediate memory. An experiment is performed which shows an exactly 
similar relationship between redundancy and number of letters correctly reproduced 
when exposure time is long enough for the subject to read out, and hence perceive, all 
the material with complete accuracy. It is concluded that the more redundant the letter 
sequence and the longer the exposure time, the more effectively the sequence can be 
coded and the better it will be recalled. 


INTRODUCTION 


The experiment to be described is concerned with a study by Miller, Bruner and 
Postman (1954) on the reproduction of tachistoscopically presented letter sequences. 
The sequences used, each comprising eight letters, formed zero, first, second or fourth- 
order approximations to English (Shannon, 1948). These sequences were flashed on a 
Screen in random order at each of the six exposure times ranging from 10 to 500 millisec. 
The number of letters correctly reported was found to depend on both duration of exposure 
and type of material: the longer the exposure and the higher the order of approximation, 
the better the performance. When the various approximations were corrected for 
redundancy, it was found that the amount of information reproduced at each exposure 
was the same for all four approximations. 

This result has been interpreted by Miller et al., and by subsequent writers (Cherry, 
1957, p. 280-4; Garner, 1962, p. 252-5; Vernon, 1962, p. 109-10) as a perceptual effect. 
An attempt to use these data to obtain an estimate of the time required to perceive such 
letter sequences accurately, however, suggests that such an interpretation is unjustified. 
This is shown quite clearly if one tries to estimate for how long an cight-letter random 
Sequence would need to be exposed in order to be perceived correctly. At 500 millisec., 
the maximum exposure time used, subjects were only reporting about 50 per cent. of each 
random Sequence correctly, and it is therefore necessary to extrapolate. Fortunately, 
the relationship between information intake and duration of exposure is relatively clear 
(see Miller et al., 1954, or Cherry, 1957, p. 283). When plotted against log exposure time 
information intake gives a negatively accelerated curve. A conservative extrapolation 
yields a "perception" time for the 37:6 bits of information contained in a random sequence 
of eight letters of between one and two hours. If, however, the subject ‘perceives’ the 
eight letters as two groups of four, his "perception" time is reduced to approximately 
I sec., while if instead he “perceives” the item as four pairs of letters, this should require 
a total of only 150 millisec. While it is unwise to place too much faith on the details 0 


results based on extrapolation, those obtained in this case are so implausible that itis 


difficult to avoid the conclusion that ei i ibi te of intake 9 
information by the visual Eu at either the function describing the ra md the 


po m must change completely at some point beyo 
500 millisec. exposure duration, or else that some m bier than perception time must 


pave dea this result. A closer examination of the procedure used suggests th? 


The experiment re 
ite down what they 
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at which the visual system can take in information. The ing experiment examines 
this hypothesis by presenting the material used by Miller ¢ al., at a rate which is slow 
enough for the subject to read out eight random letters, and requiring him to write down 
what he saw. Under these conditions, where the subject arum im long to 
perceive the letter sequence, any errors that occur might reasonably be attributed to 
forgetting rather than to his perceptual limitations. It was predicted that the relationship 
between order of approximation to English and the percentage of letters correctly reported 
would parallel that shown by Miller et al. 
e 


; METHOD z ‘ 
Materials » 


The material comprised the 60 eight-letter sequences used by Miller ef al. (1954), 
which consisted of 15 zero-order, 15 first-order, 15 second-order and 15 fourth-order 
approximations to English. An additional series of eight-letter sequences was prepared 
for use in the pretest. Each sequence was typed in block capitals on a 4] X 3j in. white 
card. 


Procedure 

The material was presented manually, being placed in front of the subject for the 
appropriate exposure time, then covered over with a blank card. Presentation time was 
controlled by synchronizing the experimenter's movements with a metronome beating 
at the appropriate rate. 

Twelve naval ratings and six research workers acted as subjects. Both groups were 
given a pretest which involved reading out a number of random sequences of eight letters. 
In the case of the naval ratings, each item was exposed for 2 sec. For all but two subjects, 
this proved long enough to read the items, the criterion being five successive correct 
responses, For the two slower readers, the presentation time was increased until they 
reached the criterion at a presentation time of 2:2 sec. per item. In the case of the six 
research workers, the presentation time was determined for each subject by the -— A 
of limits, again using a criterion of five sutcesalis CORE eer |. deni 

resentation times ranged from r:1 to 1:3 sec. per ! $ Abl 
Qm time used in the main test was that at which the subject had reached criterion 


in the pretest. i i 

The main experiment involved presenting the 6o items -— persi yc dens 
requiring the subject to write down on a response sheet as much gi Se 20, with the 
ber. The stimulus cards were divided at random into three packs J Within each 
constraint that each pack should contain five items of each Ne ode in which the three 
pack items occurred in à predetermined random order. x Ms atx ible orders 
packs were presented was counterbalanced so that each of the P 
occurred equally often. 


RESULTS 


i isi “ i used by Miller ef al., for their main 
into a percentage. This is the "placement score © pecunie 
analysis. Figure 1 shows the b nee pera a uc score and the per cent Y 
of the four orders of approximation for | 1 E eat 
obtained by Miller e£ ee at their maximum exposure = at zo eicit cd 
very clear relationship between order of a o r n 

in both naval and research subjects. The deb ips Mere anwas highly 1 ov cant 


analysis which showed that the effect of approxi nd the fourth-order easier e 
across both subjects and items. Mies Lm rn was easier than the zero-order 


Second, which was easier than 
material (p < o-oor, Sign. 
Jonckheere’s test (Jonckheere, 1954) 
predicted order of difficulty (z = 6-67, P 
that the slope of the line relating Mv cn 
Er present study is very similar to that o f learning a pair of 
O à pe ect. ». = 
Perceptual effect. | Baddeley (1963, ch. IV) that the Str tity” of the syllables, 
nonsense syllables can be estimated on podes " 


showed that they tended to be recalled in the 
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that is, on how closely their letter structure resembles that of English. A predictability 
score was therefore computed for each of the eight-letter sequences used in the present 
study as follows. A statistical “subject” is assumed, who attempts to guess each letter 
of the sequence, given the previous letter, on the basis of the relative frequencies of 
digrams in the English language. The mean number of ''guesses" required per letter is 
the measure of predictability. When the predictability score for the 60 eight-letter 
items was correlated with recall score, it yielded a rho of o-8o, showing a highly significant 


o 
2 
8 
2 1 
s 
E 
e 
$ 7 
F 50 Fx 9— — e Research workers (N=6) 
é 9—— —9 Naval ratings (N =12) 
40H 
X----X Data from Miller et al. 1954 


4 (N=6) Z 


1 j 


1 i ——— 
0 10 20 30 40 50 


Percent redundancy of letter sequence aê 


FIGURE 1 
Accuracy of reproducing letter sequences as a function of their redundancy. 


Li 
relationship (¢ = 10-15, d.f. = 58, p <o-oo1). Itisinteresting that the correlation should L 
be so high despite the fact that predictability, being based on the digram structure O' 
English, is incapable of discriminating between the second and fourth-order approxi- - 
mations, which differ only when sequences of three or more letters are considered. i es 
The mean amount of information produced was computed for the four levels O^ = 
approximation, correcting each on the basis of its redundancy (Miller e£ al, 1954)" — 
The mean information scores for zero, first, second and fourth-order approximation 
Were 21°61, 22-91, 23:83 and 21:37 bits per sequence respectively. A Friedman tes 
suggested that consistent differences occurred between approximations (p < 0'01, wo 
tail). The six possible paired-comparisons were made using a Wilcoxon test. These 
showed only one significant difference, that between the second and fourth-order api 
mations (p < o-or, two tail). This is probably because the fourth-order approximation 
contain only 22 bits of information, so that even perfect performance would not conia 
as much information as subjects are able to reproduce with first and second-orde 
approximations. Closer examination of individual scores suggests that the better subject | 


were being constrained by the amount of information available, even in the first E 
second-order approximations. ; 


* As Tulving (1963) has pointed out, Shannon's estimate of the redundancy of printed 


English assumes an infinitely long sequence of letters and thus should not be applied a 
by Miller e£ al., directly to eight-letter sequences. In recalculating the redundan is 
scores, however, Tulving neglects Shannon’s use of the space as a letter. Taking 


into account, the estimate used by Miller et al. is accurate for all but the fourth-order 
approximation, 


which should have a mean redundancy of 40:5 per cent. rather than 
43 per cent. 


o 
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The overall picture suggests a tendency to reproduce more information as approxi- 
mation to English increases, a tendency which is limited by the fact that less information 
is available at the higher order approximations, If such a trend exists, it should appear 
when longer letter sequences, containing more information, are used. 


Discussion 


Miller et al., have shown a relationship between order of approximation to English 
and the accuracy with which tachistoscopically presented letter sequences are reported. 
Their study, however, required the subject not only to perceive, but also to remember 
each letter sequence. The present study ensures that sufficient time is available for the 
sequence to be perceived and yet producés an almest identical relationship between 
redundancy and performance. It therefore seems likely that most, if not all, the effect 
they attribute to the limited capacity of the visual system is in fact due to limitations in 
immediate memory. 5 ; 

An interesting discrepancy occurs between the results of Miller ef al., which show 
an increase in the number of letters reported as exposure time lengthens, and the 
observation of Sperling (1960) that number of letters reported remains constant over the 
range of exposure times used by Miller ef al. However, Sperling showed that this 
limitation is set by the subjects' immediate memory Te and when the memory load 
was reduced by a sampling technique which required the subject to report only pa of 
the stimulus array, the visual system proved capable of handling at least 40 bits of 
information. It therefore seems likely that increased exposure time improved performance 
in the study by Miller ef al., not because it allowed the subject to perceive more letters, 
but rather that it gave him more time for coding the eight into a smaller number 
of “chunks” and thus increased the memory span (Miller, 1956). The more closely a 
letter sequence approximates to English the easier it will be to encode in terms of existing 
language habits, and thus the better it will be remembered. 
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SELECTIVE STRATEGIES IN THE ASSIMILATION 
OF SUCCESSIVELY PRESENTED SIGNALS 


BY 
A. F. SANDERS 
From the Institute for Perception RVO-TNO, Soesterberg, The Netherlands. 


It is found that performance in experiments om the psychological refractory period 
is highly affected by-instruetions. In the present experiment subjects were instructed 
either to handle the signals successively or to group them. Both instructions were 
obeyed. This seems to indicate that the human organism has various strategies available, 
Which strategy is actually applied is likely to depend on the structure of the experimental 
situation, and partly also, on momentary preference. This may explain the variety of 
results in the literature on this subject. 

Finally, it is found that, when two signals are presented simultaneously, the total 
reaction time is considerably shorter if the signals are grouped" than if they are “handled 
successively.” This difference disappears at interstimulus intervals of 0-2 sec. and 0-4 sec. 
The hypothesis is put forward, that the gain in time at the former case is due to simul- 
taneous perceptual processing of the signals. 


It has been found in several studies during the last decade that, when two signals are 
presefited simultaneously or in rapid succession in order to be responded to, the reaction 
times are delayed in comparison to the reaction time when only one signal is given. 

The phenomenon is clearly established as far as the occurrence of the delays is con- 
cerned. Less consensus is present, however, about the actual values of the delays. 
In fact they tend to vary with the structure of the experimental task. 

In some situations the picture is clear cut. Here the relation could be described by: 

RISO Lo . o 7 MM 
where RT, and RT, represent reaction time to the first and second signal respectively, 
and where I stands for the intersignal interval. This relation has been found in t 
where simple reactions are asked in combination with ungraded responses (Davis, 1956, 
1957, 1959). Using graded responses, the formula had to be changed slightly, but the 
general idea—i.e. that the signals are handled successively—remained unaffected 
(Welford, 1952, 1959). 

The picture is quite different, however, if choice reactions are asked for. In that case 
the only clear phenomena are, first, that RT, shows some delay at least and, secondly, 
that RT, is also delayed—at least in most cases (Davis, 1962; Borger, 1963; € 
1963). Especially the latter phenomenon was absent in the original experiments, albei 
not completely. Welford (1952, 1959) reported that at very small intervals (I < o'I sec.) 
both RT, and RT, were delayed, and similar results were obtained by Elithorn and 
Lawrence (1955) and Halliday, Kerr and Elithorn (1960). 

Welford has introduced the term “grouping” to indicate this effect, suggesting that 
sometimes the signals are transmitted simultaneously. This is also assumed by Broadbent 
(1958), who argues that, if the intake of information occurs discontinuously in successive 
perceptual samples, it can be expected that signals are sometimes transmitted in the 
same sample. This will be especially the case when they are presented simultaneously n 
In. rapid succession, since it is likely that the duration of perceptual samples is highly 
limited. We may depict this process by: 


RT, = RT, + I—c (I < RT,) EE ES a 
Where c stands for the motor time to carry out the second response after the first i 
It has been argued that, in the case of grouping, the reactions must be made simts 
taneously (Halliday, Kerr and Elithorn, 1960; Borger, 1963). This does not seem ane 
sary condition, however, since grouping has to be considered foremost as a central afia!" 
The actual reactions may be carried out in succession (Welford, 1959). il 
Now, it is not likely that the results in choice reaction studies can be satisfactory 
explained in terms of grouping. First, we expect this process at small intervals 0? L 
and secondly, the experimental data only partly fit formula 2. For the rest, values aT 
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obtained that vary between those predicted by formulde 1 and 2. Starting from the idea 
that the human organism acts like a single channel system in the transmission of 
information—and this model still seems always more adequate than a multichannel 
hypothesis, in view of the fact that delays in reaction time have been found everywhere— 
it is necessary to explain this variation in terms of a successive handling process. 

Now, successive handling is not necessarily bound to formula 1. It is possible that 
at the arrival of the second signal (S), the processing of the first signal (5,) is momentarily 
interrupted in order to store the newly arrived signal. This may occur especially if it 
is known when S, is to be presented as when the interval between S, and S, is constant. 
Another idea is that the response to S, is postponed until S, has been transmitted centrally 
(Davis, 1962; Borger, 1963; Sanders, 1963). *Both hypotheses require the assumption of 
storing mechanisms, apart from fhat at the entrance of the transmission channel 
(Broadbent, 1958). i .* 

In this way we can discern several transmission strategies, with grouping and 
successive handling according to formula 1 as extremes. Subjects may be capable of 
switching from one to another strategy, although under some conditions one special 
strategy may be predominant—as in the simple reaction studies of Davis and Welford. 

If this idea is valid, we must expect that the results in experiments on refractoriness 
are highly dependent on the instructions how to react to the signals. Subjects can be 
instructed either “to complete RT, without taking any notice of S," or “to collect all 
perceptual data before any response is carried out.” 

With the former instruction we should obtain data that fit formula 1, while in the latter 
case formula 2 is expected to give a satisfactory description. In fact, Hick (1948) has 
considered the possibility that the transmission of successive signals would be affected 
by instructions, but the issue is neglected in more recent studies. nS ens 

Formula 2 is supposed to be found at both small and larger intervals, albeit grouping 
is only expected at the small ones and at simultaneous presentation, while at larger 
intervals a composite successive handling process is assumed. However, if RT, is 
postponed until S, has been transmitted centrally, it is likely that the actual picture of 
the reaction times will be very similar to that when grouping occurs. 

We wonder if it is possible to differentiate between these processes. If not, the 
theoretical value of grouping becomes very dubious. 

Differentiation may be possible, however, by means 0 c saer tink 
cage of grouping, the transmission process should be more efficient. Two items of infor- 


ing ti i ker, 
processing time, we may infer that the former process runs quicker, 
that this argument is not quite watertight. Taking this for granted, however, eie 
tructed "to group” or "to handle successively yr 
al series, the total reaction time will be significantly shorter i 
fect will not be found if, instead of grouping, 


a“ i i ing” i ince there are no clear arguments 
a "composite successive handling" process 1$ followed, since > io cle: ıment 
for the assume that the different types of successive handling will D ie 


efficiency. This reasoning 
When an interval between S, and S, 
transmission of S, is postpone: t 
the gain in time, obtained by the simultaneous p! 
The longer the interval, the more efficient will n ec aca 
In this way an experiment on the effe ns ion o pe xs 
BOY contribute to the T ee of "grouping. xperim: 
esigned to test the following hypotheses: - : 
(1) Instructions will have a large effect pn Ts reaction times to two signals which are 
presented simultaneously or in rapid suce E ar 
(2) At:small intervals the instructions to group will produce Dean page im 7A 
time than the instructions to handle the signals successivety. 


will disappear at larger intervals. 


METHOD AND PROCEDURE EE 
e > 

i- biect was seated at a table on an adjus 

Deed SLE axi J S, and S, were projected Heed Ege pep ud 

left and right from the subjects meridian. The distance í 4 


rence. The task was to carry out two choice reactions, one to S, (four of five dots) and 
another to S, (idem). Four morse keys, corresponding to the various possible signals, 
were fixed on the table, behind which the subject was seated and they served as reaction 
set. The responses to S, were given with the left hand and those to S, with the right hand. 
Three seconds before the arrival of 8, a visual warning signal was presented in the place 
where S, would appear. 

The apparatus is schematically drawn in Figure I. The experimenter started the 
apparatus, which was immediately followéd by the presentation of the warning signal 
(w) from the projection unit. The presentation took place by opening the shutter, placed 
before the appropriaté projector. At the same time S, and S, were selected by the 
stimulus selector and after a time delay of 3 sec. tlie selected shutters of both S, and 8, 
were opened. Thus S, became visible on the screen, while S, was held back a moment, 
until a second shutter was opened, having a time delay of (3 + x) sec. from the start. 
Reaction times were measured by means of two time counters, that were started at the 
presentation of S, and were stopped after the response to S, and S, respectively. The 
correctness of the responses was checked by a set of lightbulbs, indicating which signals 
and which responses had been given. 


A projection unit 
Tipe ae MER 


$ 


IC aft ag 
extra shutters 
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Both S, and S, consisted of a column of bright dots, the number being either four or 
five per column. The diameter of the dots and the distance between two successive dots 
were both 1 cm. approximately. The alternative signals had an equal chance of occur- 
LJ 
f 


[0] 
o 


| 
oo00909 signal response 
subject Y indicator 
» 4| 


reaction set 
FIGURE 1 


Much care was taken to avoid any cues from the clicks of the shutters. In a pre” 
paratory study, it was checked whether the subjects could predict from the clicks which 
signal was given. The results showed that this was not the case. Using the samt 
experimental set up, an experiment was carried out on the effect of choice reactions on 
the delays of RT, and RT, (Sanders, 1963), which produced results, similar to those 
obtained by Davis (1962) and Borger (1963). This may serve as an argument that the 
present experimental situation has no special features from which diverging results are 
to be expected. 

Eighteen subjects—naval ratings—were randomly divided in three equal groups. 
Each group was tested twice at one of three intervals between S, and S: 00 sec., 02 m 
and o-4sec. In one trial the subjects were instructed “to complete R, before taking 
notice of S,," and in another trial they were asked “to collect all perceptual data befor 
preparing any response.” The order of the trials was counterbalanced. th 

Before the experiment started, an intensive training series was given OD. Eus 
strategies. Each subject was trained only at that interval that was given to him In 
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experiment. In an experimental session 20 pairs of correct reactions were obtained 
Accuracy was stressed in the instructions and the few erroneous reactions were omitted 
from treatment and replaced by correct reactions. The median values of the series were 
calculated separately for each subject. 


RESULTS 
The means of the median reaction times per subject are presented in Table I 
Moreover the total reaction time (RT, = RT, + I) is included. To check whether the 
subjects obeyed the instructions, predictions according to formulae 1 and 2 are also given 
" 


* TABLE I 


* 
Means or MEDIAN REACTION TIMES IN SECONDS AT DIFFERENT ISTERSIGNAL INTERVALS 
AND UNDER DIFFERENT INSTRUCTIONS 


Instruction Interval 
1 0*0 sec. 0:2 Sec. 0*4 sec. 

"Successive handling" RT, RT, RT; RT, RT, Ror |RT, RT, KT: 
Obtained, .. Js 0-46 087; 087 0°37 0°54 074 |044 048 0-88 
Predicted .. is 0'92 | 0'54 | 0:48 
“Grouping” 4 
Obtained .. at 065 072 072 0:60 048 O68 j|o89 0°53 093 
Predicted .. a 0:65-0-80 040-055 0*49-0:64 


The predictions are derived from formulae 1 and 2. The factor c in formula 2 is 
unknown but can vary probably between o-oo and o-15 sec. (Sanders, 1963). 


STATISTICAL. ANALYSIS 

1 i ; i i i n i dling” and 

To decide upon’ the differences in efficiency between "successive han 
“grouping,” three analyses of variance were carried out on the RT, one for woah tate 
A significant effect was obtained at the interval o'o sec. (F= 14°35, $ < ka ae 
such evidence was absent at the remaining intervals (F = 2:15 and 2:47 respec ly, 
P > 0°05). " 

The per values are generally equal to those that a ona cb ts aec; 
at the instruction "successive handling,” where a mean í nope ri pak: paper 
The significance of this divergence was tested by calculation of the 5 Pate e ad 
limits of the mean of RT,. The latter limit proved to be 0-039 sec. 


^ value is probably shorter than expected. 


DISCUSSION 


The results appear to confirm hypothesi 
to be very much dependent on instructions. 


i mp Good 
do. Now, in the present experiment two strategies Were er ing" and "grouping 
results, AE E intermediate values between “successive handling poup 
could be obtained if the subjects were n 
at the arrival of S, in order to store De Me 
Process i ined by instructions. : peared in the simple 

là that cose Ho CE successive panong oE R E dling P 
Teaction experiments of Davis. In those situations, $ bles a reflex and is in effect a 
dominant, since the latter type of reaction ara DE 1954). Presumably the 
emporary prepared reflex” (Woodworth and Schlo than in choice reactions which 

m beter 4 less easily interrupted in simple reactions, M 
clear} el. : the interval and the 

Mother pole BI is the relation between the length es ccessive handling" 
Selective strategy. The present i 
Was obeyed beautifully at intervals of 0-2 ee 2. 
Presentation, Apparently the subjects we 


372 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


case, although the reaction times ‘were largely in the expected direction. As suggested 
in the second hypothesis, grouping was more efficient at simultaneous presentation, while 
no significant differences were found at intervals of o:2 and 0-4 sec. We may conclude 
from this finding that the subjects were grouping the signals in the strict sense at the 
former condition only. In this way, differentiation between “‘grouping”’ and “composed 
successive handling” seems possible. The mean time gained at simultaneous presentation 
amounted to o:15 sec. Assuming that this can be completely ascribed to the advantage 
of perceptual grouping, we can conclude that at an interval of o-2 sec., this gain will be 
more than cancelled out already. Grouping is likely, therefore, to be restricted to intervals 
that are smaller than 0-15 sec., which corresponds with the existing suggestions from the 
literature (Welford, 1952, 1959; Sanders, 1963). 

As a final conclusion from the present experiment; we can say that future research on 
refractoriness should è engaged with the question of which selective processes are 
„preferred and which not under various experimental conditions, rather than with an 
endless search for one “unequivocal process” that can be applied everywhere. 


Iam indebted to Dr. J. A. Leonard and Dr. E. C. Poulton of the A.P.R.U., Cambridge, 
for reading and criticizing this paper. 
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INDUCTION OF A PRINCIPLE 


BY 
CARL P. DUNCAN 
From Department of Psychology, Northwestern University, Illinois 


Two experiments are reported in which student subjects attempted to discover a 
principle obtaining among pairs of numbers dnd letters In the first experiment, subjects 
were more successful when they Were free to select whatever number-letter pairs they 
wished than if they were restricted in whole or in part to pairs*Specified by the experi- 
menter. In the second experiment,'subjects who did discover tht principle were compared 
to those who did not. Successful subjects were shown to be slightly more systematic in 
their approach to the task, to work at a faster pace, to write down more positive instances, 
and to have a much stronger tendency to vary only one variable of the task at a time 


Wason (1960) reported a study in which subjects tried to discover a principle applying 
to instances each of which consisted of three numbers, He discovered that subjects 
mostly showed enumerative rather than eliminative induction, i.e. they made little use of 
instances that would have enabled them to eliminate wrong hypotheses. Wetherick 
(1962) found that by modifying Wason's procedure in certain ways, enumerative 
behaviour was reduced and the subject's chance of discovering the principle was increased, 
Elimination of hypotheses remained infrequent. - a 

In the Wason study, the subject was free to write down, for each instance, any three 
numbers he wished, i.e. his choice of instances was not restricted in any way. This may 
account in part for the behaviour Wason observed. Inthe first experiment to be reported 
here, the subject is restricted, in various degrees, in his choice of instances, to determine 
whether the principle is discovered more (or less) readily under such restriction. 


irinci i vi f the last five 
principle was that any of the four odd numbers could be paired w a ened ek ae Cae 


letters (F-J), and any of the even numbers could be paired with any o! det 
(A-E). E of the 80 possible number-letter pairs, 40 were instances of the principle, 
the other 40 were not. : A 

The ak was presented on a sheet of paper at the top left of which the eight nabas 
were dittoed in normal order in a horizontal row. At the top right were the 10 letters 
The rest of the sheet contained 8o blanks, ene con- 
secutively from 1-80, in four columns. There were two forms of this sheet. In one, 


. the blanks contained neither numbers or letters. In the pe each progenies B5 
printed in it one of the eight numbers. Each number appea: d once Louer capi 
eight blanks. The order of assignment of numbers to blanks was ran 


block 
iti i i ds of * 
Conditions. ‘There were four conditions, representing different degrees or kin 


restriction in the subject's cho x 
consisted of a number followed by a letter.) ae cat 
each condition. In Group U (unrestricted), the su] 


in a row in normal order. 


i d letters to create pairs. (A pair always * 
MEET. ^^ different group of subjects worked under 
ect, using the sheet with eee, 23 
the blanks, chose both the number and the Ee v Gane Lr pr e 
(restricted letters), the subject, using the same s oup U; chose nami afer each 


EXPERIMENT I 
Task. The task consisted of pairing the numbers 1-8 with the 10 letters A-J. The 
i i j ha 
in th the experimenter told the subject w Tees 
A eee RN (restricted numbers), ei m = ae poe UR at tet 
already entered in the blanks, but was free to cl : ers In Group Po, and the 


i the shee 
numbers and letters), the subject oe ean a eer endi Senor 


experimenter told the subject what h nu dA 
j j ts from classes 1n introductory psy¢ i 
Subjects. The subjects were studen in introductory ts were 
niia pect each of the four groups. 
d the sheet needed for 


j il an : 
each subject a ced ue imenter poli ted 


H in € rime: : S 
ey were required to serve In Ta meere were 5o subjects in 


assigned to the four conditions in 


Procedure. The experimenter gave i 
the condition to which the subject had been assigned. 
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to the numbers and letters at the top of the sheet and said, “See these numbers and letters, 
They have been paired according to a certain principle. I want you to try to discover 
what that principle is. This is the way we will do it." At this point, the experimenter 
inserted instructions (see below) appropriate for each group. Then the experimenter 
concluded, “As soon as you have any idea as to what the principle is, tell me. If you are 
wrong, or only partly right, I will tell you so, and we will continue with pairs until you 
want to make another guess as to what the principle is. Try to discover the principle 
as soon as possible. As soon as you discover the principle, the experiment is finished,” 

In Group U, the subject was told to write any number and any letter in a blank and to 
state the number and letter aloud. Then the experimenter would tell him whether the 
pair thus created was or was not an instance of the principle. In all groups, the subject 
was told to make a check mark after pairs that were instances of the principle, to help 
them remember. 9e 5 

In Group RL, the subject was told to write any: number in a blank, and state the 
number aloud. Then the experimenter told the subject what letter to write after the 
number, and when the subject had done so, told the subject whether the pair was an 
instance of the principle. The experimenter had a key which specified what letter to 
give the subject for every pair, and whether the pair was or was not to be an instance of 
the principle. Whether a pair was to be a correct instance or not had been decided by 
flipping a coin, with the restriction that within a block of 40 pairs, half would be correct, 
half incorrect. In so far as possible, the experimenter used each letter once, in giving 
letters to the subject, within each block of 1o pairs. 

In Group RN, the experimenter pointed out to the subject that a number, selected 
from those listed at the top of the sheet, had already been printed in each blank. The 
subject was told to write any of the letters after the number, and state both number and 
letter aloud. Then the experimenter told the subject if the pair was an instance of the 
principle. 

In Group RNL, the experimenter also pointed out to the subject that there was a 
number in each blank, and told the subject to say the number aloud. Then the experi- 
menter told the subject what letter to put after the number, and when the subject had 
done so, told the subject if the pair was an instance of the principle. The key used for 
giving letters to the subject, and determining whether each pair was to be a correct instance 
or not, was the same as that for Group RL. 

The subject was allowed to work at his own pace. He could guess at the principle 
at any time and as often as he wished. He had to state the principle completely to be 
considered correct. Statement of the particular numbers and letters that could be paired, 
without, e.g. using phrases such as “odd numbers," was allowed. If the subject had not 


stated the principle correctly at the end of 25 min. of work, he was stopped and was 
recorded as a nonsolver. 


RESULTS AND DISCUSSION 


Two measures reflecting attainment of the principle are shown in Table I. One is; 
the number of solvers, those subjects in each group that stated the principle correctly. 


TABLE I 


NUMBER or SUBJECTS WHo DISCOVERED THE PRINCIPLE AND MEDIAN NUMBER OF 
PAIRS TO SOLUTION IN EXPERIMENT I 


Group N 


Solvers Median pairs 
E ns a 50 43 39:5 
“2 2 50 26 92:0 
RN oe 50 27 82:0 ; 
RNL ae, 50 37 60:0 


The other is the median number of pairs (of numbers and letters) to solution (scores for 
nonsolvers were considered to be infinity). The results are quite similar with both 
measures. Numerically, the best performance is by the least restricted group (U), next 
best by the most restricted group (RNL). Poorest, and essentially equivalent, per 
formance was by the two partially restricted groups (RL and RN). j 


* 
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Statistical analysis reveals the following: In number of solvers, Group U 
significantly different from Group RL (xf = 11:97, f <owot, 1 dj.) and from Group 
RN e - hig p < oorh RORA not S Group (2 = 1-56). Group RNL had 
significantly more solvers = 4° < . Other comparisons 
were not significant. prd i= 49$ cond 

Each group was compared to every other group by a median test on median pairs to 
solution. Group U differed significantly from Groups RL (x? = 10:24, f < oot), RN 
(x? = 12:96, p < œo1), and RNL (x? = g-00, p < oos). No other comparison was 
significant. 

Examination of the number of incorrect (including partly correct) attempts to state 
the principle revealed no clear differences among the four conditions. The mean number 
of such attempts was 1:3, 0:7, 1-3, and 1-3 for Group U, RL, RN, and RNL, respectively. 
These means are based on all 50 subjects (solvers and nonsolvers) in each group. As 
might be expected, nonsolvers made somewhat more incorrect qtuesses (overall mean = 
1:5) than solvers (mean = 1-0), since all guesses of nonsolvers were incorrect. However, 
it is clear that nonsolvers did not fail simply because they hesitated to make overt guesses 
and so failed to get information. 

The results of Experiment I seem fairly clear. More subjects induced the principle, 
and in fewer pairs, when they were left free to create any pairs they wished. When a 
subject is unrestricted, he has the advantage that he can work on any hypothesis he 
chooses to entertain, and can switch at any time from one hypothesis to another. On 
the other hand, subjects in the unrestricted condition can get wrong sets or inadequate 
methods, such as working with too few of the numbers and letters, and there is no guidance, 
from external sources, away from such self-defeating response tendencies. It had originally 
been thought that a degree of control over the subject's choices, as exem by the 
various restricted conditions, would be advantageous since the subject would be prevented, 
to some extent, from persisting too long on wrong hypotheses. The results merely su| 
that extreme restriction (as in Group RNL where the subject had no choices to e), 
though inferior to the unrestricted condition, may have had some advantage over partial 
restriction (Groups RL and RN). - ^ 

In the unrestricted condition, the percentages of correct and incorrect pairs -— 
deviate considerably from the 50:50 split imposed upon the restricted conditions. 
will be shown in Experiment II below, the number of correct pairs increases as [apes 
hegin to discover the principle. It is known that subjects tend to prefer ponera a 
négative instances (Hovland and Weiss, 1953), and to exhibit ER subject 
eliminative behaviour (Wason, 1960). Thus, the restricted —— as t him from 
to deal with more incorrect instances than he would probably like, and preven 
achieving the “success” of a long string of positive instances, 


EXPERIMENT II me 

inati irs li i iment I showed that a o! 
Examination of the pairs listed by Groupi pe EET on es yor a 
th one number before changing to another 


h N isi attempt 
to certain subjects, various systems to be tried out. Exp pede picea in 5 
to learn something more about the role of seme i. MO will be reported for 
inducing a principle. In addition, certain ires ina 

What they may reveal about the induction process. 


METHOD 2E , tl 

The task, instruction, and procedure were the same M pr. robe Nene to the subject, 

with the following exceptions. There were three forms o Ee pecan d: 

on which he wrote number-letter pairs. One form Laer the top of the sheet in normal 

the numbers and letters were listed in horizontal rows erm aon. letters were also lis! 
order. For the other two forms of the sheet, both num 


4 each t. The orders 
in rows, but in random orders, with a different random ie is 42 with HEGDJC 
were: 38652714 withDFCAEH B pl and 6% 3 1 ae third of the subjects 
IAFB, The three sheets were handed to the subjects in turn 


E- 5 inciple i i . 25 min, in Experi- 
"m PE pu not discovered the principle in 20 mints re Ait sas 
ment I) was second asanonsolver, At the end of the experiment, 
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still had his sheet in front of him, the experimenter questioned every subject, solver or 
nonsolver, as follows: The experimenter said, ‘‘Now would you go back to the first few 
pairs you wrote down (the experimenter pointed toward the first two or three pairs), 
I would like to ask you why you selected the pairs you did when you first started. Your 
first pair was (number and letter were stated). Try to remember what you were thinking 
about. What I’m trying to find out is, did you have any plan, any reason, no matter 
how vague, for choosing the first few pairs you did." The experimenter took notes on 
what the subject said. 
The subjects were 135 students from introductory psychology classes 


RESULTS 


There were 75 subjects who discovered the principle. The remaining 60 subjects 
were nonsolvers. The analyses to be reported chiefly involve comparisons of these two 
groups, solvers vs. nonsol¥ers. It may be noted in passing that the task was easier when 
the numbers and letters were listed in normal order; 35 of the 45 subjects with the normal- 
order sheet solved, whereas 40 of the 9o subjects with random-order sheets solved. 

In the postexperimental inquiry, 43 solvers and 21 nonsolvers reported that they had 
had some plan or system in mind when they began to write down pairs. Of those subjects 
who said they had had no system, 32 were solvers, 39 were nonsolvers. Thus, although 
the differences are not great, the two largest frequencies are systematic solvers and 
unsystematic nonsolvers. In a test of independence of the four categories, x”= 5'81, 
p «005, 1 d.f. 

Incorrect attempts to state the principle were recorded for both solvers and non- 
solvers. The mean for solvers was 1:13; for nonsolvers, the mean was 1-28. The differ- 
ence is not significant. Furthermore, the frequencies are so low (by far the most frequent 
number was 1) that no relationships could be found between incorrect attempts and the 
measures reported below. 

Differences between solvers and nonsolvers show up in certain measures based on the 
pairs (of numbers and letters) the subjects wrote. Even though each solver worked only 
until he discovered the principle, while all nonsolvers kept working for 20 min., solvers 
wrote a mean of 38-0 pairs, while for nonsolvers the mean was only 31:6 pairs. The 
difference between the means yields / = 1-89. If one nonsolver with a score of 137 pairs 
is excluded, the nonsolvers' mean becomes 29:8, and the ¢ becomes 2-81. 

The proportion of the pairs that were correct, were instances of the principle, was’ 
computed for each subject. The mean proportion for the solvers was 0:62, for nonsolvers 
the mean was 0:56. These means differ significantly; £ = 3-00. 

A final measure expresses subjects’ tendency to vary only one factor at a time. As 
the subject writes down a pair, he can use both a different number and a different letter 
from the immediately preceding pair (‘‘double change"), or he can vary only one of these 
elements by continuing to use the same number or letter he used in the preceding pair. 
For each subject the proportion of changes over successive pairs that were double changes 


was determined. The mean proportion was 0:45 for solvers, o*61 for nonsolvers. The 
difference is highly significant; ¢ = 5:03. È | 


Discussion 


The differences found, in Experiment II, between those subjects who did, and those 
who did not, discover the principle are, of course, only associated with solving or not 
solving; causal status is not implied. With this limitation, the results can be examined 
for what information they provide about the task of inducing a principle from positive 
and negative instances. 

It is clear that an approach that has some plan or system (if we can take the subject's 
word as to whether or not he had a plan) is not a great deal more successful than the 
reported absence of a systematic approach. The difference between solvers and non- 
solvers on this characteristic was not great. One problem is that some plans actually 
make it more difficult for the subject to discover the principle, especially if the subject 
persists on a wrong hypothesis. 

The fact that solvers wrote somewhat more pairs in less time than did nonsolvers 
shows, of course, that solvers’ rate of overt response was faster. Perhaps nonsolvers 
spent too much time thinking instead of writing down pairs (although they did not make 
fewer attempts to state the principle. It has recently been argued (Duncan, 1963) that 


a time to stop and think is worthwhile for some aspects of problem solving, but not 
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_ A higher proportion of the number-letter pairs Written solvers positive 
- instances of the principle than was the case for nonsolvers. FA this pred i 
bave occurred simply because solvers find out, at some point, which pairs are 
instances. However, examination of the pairs at various points in showed that 
solvers had a slightly higher proportion of positive instances than did nonsolvers through- 
out the entire session. In their last few pairs, just before they stopped and announced 
the principle, solvers showed a sharp increase in proportion of positive instances (mean of 
0:79 in the last tenth of instances), thus apparently exhibiting enumerative behaviour as 
described by Wason (1960). : 
- Perhaps the most revealing difference between solvers and nonsolvers was im the 
- "double change" measure. There was a cleat difference in favour of solvers in tendency 
to hold one element, number or letter, constant in successive and vary only the 
other element. Examination of the pairs at various stages that early in practice, 
both solvers and nonsolvers were showing mean proportions of double prm. ring approxi- 
ra 


mately 0-60-0-65. As their over-all mean (0-61) shows, nonsolvers 
this level throughout the session. But in solvers, the 

this high until in the last half of the session solvers were averaging only about o-y0 double 
changes. Thus, in their attempts to induce a simple law, solvers learned to use, and made 


incorrect attempts to state the principle, that there is very little control over his thinking. 
He is free to consider, implicitly, an almost infinite variety of ways that numbers Ie 
letters might be paired. This large population of wrong hypotheses seems to be the 
reason many subjects do not discover the principle. 
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A HULLIAN REASONING SITUATION 


BY 
W. S. ANTHONY 
From the Psychology Department, University of Auckland, New Zealand 


An experiment on a well-known but little-investigated situation proposed by Hull, is 
reported. The results are inconclasive. — 


, 
e INTRODUCTION 


The situation briefly indicated in Figure 1 was proposed by Hull (1935, p. 221 
to illustrate his rg theory of reasoning. The situation has been discussed by Hilgard 
Marquis (1940), Osgood (1953), Deutsch (1956a, 19565, 1960), Thomson (1959), Treismi 
(1960), and Broadbent (1961). In this literature, frequent reference is made to ea 
experiments by Maier (1929); Maier's experiments inspired the situation proposed 
Hull, but differed from the situation in many ways (Anthony, 1958). A 


2 


B 


FIGURE 1 


There is food at X, and water at Uand H. The subject (rat) is first given training | 
the separate paths. On the test trial, he is placed at R, hungry, with the direct path i 
food blocked at B. The rat now has to choose between the detour-path RUX and th 
blind alley RH. 


Three experiments by Wolfe and Spragg (1934), however, follow the situation mo 
closely, and were known to Hull, but have been overlooked by others. Wolfe 
Spragg obtained negative results: i.e. on the first test trial, five subjects chose co: 
(RU) and six incorrectly (RH), on the second test trial, seven correctly and five inco 
and on the third, six correctly and six incorrectly. Eleven rats were used in the fit 
experiment, and the same subjects, plus one more, were used in the second and 
Two deviations from the Hullian procedure were, in the order of training, and in 
absence of reward at U or H in training. 

. The present experiment, already reported in an unpublished thesis (Anthony, 19 

is closer to the Hullian situation than any other done by, or known to, the writer. 
group of rats is subjected to the situation; another group is allowed to explore the wae” 
maze in training; "reasoning" or "assembly of behaviour segments" (Hull's term) 
thus demanded of the former but not the latter group. 


d ut 


» 


Apparaes METHOD 


The apparatus is shown in Figure 2. It does not follow Hull’s suggestions in de ta 
The alleys were 4 in. wide, with walls 5 in. high, constructed of steel components, 
floors of brown paper covering the table on which the apparatus was set. The wa 
the four areas RXON and B, were 5 in. high, of aluminium or steel, covered at 
and A, with other materials. Cream-coloured sandpaper covered the wall and floor at 
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Dark green baize covered the wall at X, and also the flodr on top of a layer of cotton wool 
Grey paper covered the walls and floor at A. At B, the walls were bare aluminium bent 
into vertical folds, and smooth aluminium covered the floor, A and B were designed to 
induce distinct overt responses: at A, a fibreboard barrier, 1 in , $in. wide, induced 
a getting-over response; the barrier was fixed at each end to two ledges, 1 im 
in height and width, which ran along each wall at A. At B, an overhead vertical 
aluminium sheet, leaving a gap 24 in. high, induced a creeping-under response 


FIGURE 2 


The dotted lines define the boundaries between each 


adjacent alleys, and so also define the positions of blocks when in us 
either BX EE. is permanently blocked ; thus for training on UX,” the subject is p 


either at A or at B, as drawn. For all other trials, the subject is placed at R, gree io 


“box” (R, X, A, and B) and its 
when in use. For any subject, 


On the test trial, there is a block at t.b., and the correct path is the one 


pm "U" for that subject. Lb.:low barrier, 0.5: 


to the box which functioned as 


"sheet. The /.b. and o.s: induce special responses in the passing subject. 


pottery dish contained water; at X, a wooden triangular dish 
B, a glass rectangular dish, set in s ege ol na See 
water, Removable walls, similar in appearance to the walla 7 
permanently blocked off B 
the subjects, and permanere dd de em 
"H") for the other subjects. 1n a k : aht of the i 
rals eee with hardboard blocks extending the fab perp—Á > in : 
The maze was covered with d fuse by reflection from the walls; the experi- 
room with bare white walls; lighting was diffuse, Py fr be excluded. 
menter stood centrally near X; external cues wou 


Subjects a ot Die 
Twenty-four experimentally naive hood e SN 3 months old at the star 
experiment. Eighteen were male; six were fe : 


Training Procedure pir nes ps, each group 

The subjects of each sex Wet Wei cem Mu ione in accordance with the 
Containing nine males and three females. get thesame way as Group 1 except that 
Hullian reasoning situation. Group 2 was treat > 
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exploration of the whole maze (But not of “HX”) was allowed on cach trial. For six 
members in each group, A served as U and B as H, and for the other six, B served as 
U and A as H. 


The subjects were given six training trials per day for 22 days. They were trained 
under hunger on Days 1 to 10 inclusive and Day 21, and under thirst on Days 11 to 20 
inclusive and Day 22. The test trial was on Day 23, under hunger. For hunger, the 
subject was given 1j hr. of standard food immediately after its use in the experiment on 


the preceding day, with water constantly available. For thirst, the subject was given 
1} hr. of food and water immediately following its use in the experiment on the preceding 
day, and then 2 hr. of food just before its use on the day itself. 

The nature of the training trials was as follows. Days 1 to 7: each rat was given three 
trials on UX and three trials on RX; on Days 1, 3, 5, and 7, all three trials on UX preceded 
the three on RX; on' Days 2, 4, and 6, UX trials followed RX trials. Days 8 to 10: 
three UX trials and thrée RX trials, intermingled, éach rat being given the trials in the 
same order on any given day. Days 11 to 15: each rat given six trials on RU daily. 
Days 16 to 20: each rat given six trials on RH daily. Day 21: as for Days 8 to 10. 
Day 22: each rat given a choice between RU and RH on six trials. 

For UX trials, the subject was placed in U, next to the RU alley, facing towards the 
UX alley; for other trials, the subject was placed at R, facing away from the choice-point. 
Subjects were removed after consumption of the appropriate reward; the next trial would 
begin after a variable short delay. Consumption of the inappropriate reward was, very 
rarely, observed, although this had not occurred in previous work with the same 
deprivation schedule. ` 

For Group 1, from Days 1 to 21 inclusive, only one of the four alleys (RU, RX, RH, 
UX) was ever open, and on Day 22 only RU and RH were open. But for Group 2, 
none of these four alleys was ever blocked, until Day 23. (The procedure for Group 2 
subjects was therefore exactly the same for all days of training under thirst, the subject 
being removed after consumption of water at either U or H, on each trial.) 


Test trial 


On Day 23, a block was placed in the RX alley, 4 in. from the choice-point at R; 
each subject was placed, hungry, at R, with the choice of RU and RH. One trial only 
was given. The first entry into the RU or RH alley was recorded as the subject's choice, 
although all subjects eventually reached X by way of R-U-X, and were removed aftér 
consumption of food there. 


RresuLTS 


On the test trial, of the subjects who chose RU, all went on to X and ate food there, 
except one subject in Group 2, who returned from U to R and explored further, finally 
reaching X and eating there. All the subjects who chose RH reached H, returned to R, 
entered RU, went on to X, and ate there. No subject drank water. ° 
dem AA are analysed in ae ways: first, the frequencies of RU and RH eie fe 

$ , are tap aloe secondly, the test trial choices are compared with the con 
choices under thirst (Day 22). 7 P 
_ On the test trial, in Group r, nine subjects chose correctly (RU), and three chose 
i y (RH). In Group 2, five chose correctly, seven incorrectly. In neither group 
is there a t preference for RU or RH; for Group 1, p = 0:146, two-tail “binomial 
test” (Siegel, 1956). ! 

On Day 22, of Group 1 subjects, six chose RU more often than RH, three chose RH 
more often, and three chose RU and RH equally often. Six Group 1 subjects’ choice on 
the test trial did not follow their preference on Day 22 (this includes the three who h 
Shown no preference); four of these subjects changed in the correct direction (choosing 
RU), two in the incorrect direction (choosing RH). Applying the (binomial) "sign test 
(Siegel, 1956), the total change is clearly insignificant. À similar analysis for Group 2 
Ji ps because these subjects sometimes ran RXU to water on Day 22, ignoring R 

Comparing choices of RA and RB (alleys leading to A, B) suggests an over-all preference 
for RA. On the test trial, seven coe P ubfecte choec 4 ay RB; in Group 2, eleven 
chose RA, one, RB. On Day 22, in Group 1, seven preferred RA, two, RB; in Group 2 
ignoring RXU runs, seven preferred RA, three, RB. 5 

In training, Group 2 subjects could run RUX. But the median total number of 

RUX runs per subject was only six (range, one to ten), all these runs being on days of 
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hunger On Day 21 (last day of hunger before test trial), seven 
mn RUX at least once. Of these seven, oniy three Cheng enemecthy um 
Discussiox 


It i> usually proposed that the criterion of “reasoning” in the sitestios 
subjects should choose RU more often than RH, on the test trial This criterion 


d 
its 


F 
f 
f 


LE d 
by Wolte and Spragg (1934), other writers, and Hull (1935. p. 226); bet another criterion 
stated by Hull (1935, p. 222-3) is that RU must be choses more often om the test trial 
(subjects hungry) than on the control trials (same subjects, thinty) The seed 
criterion draws attention to the tion that the rat will discriminate between 
hunger and thirst. Our result for p h the t i» gattive T 
criteria, although in the right direction; the result for pai trgative by the fnt 

2. 


criterion, the second being inapplicable to Group ° 

Maier (1935) suggested that the negative results of Wolfe and Spragg might be 
the block in RX on the test trial; however, the rat can apparently suoceed 
Honzik insight situation (evidence reviewed by Anthony, 1999), where a Mock iz imposed 
in the test trial. Another possible difficulty in the Hi situation arises from the use 


t 
g 


could 
logically doubt whether the whole path R-U-X would be on the test ypo 
theses about the disturbing effects of blocks on drive kaming, were 
confirmed by two experiments (one reported by Deutsch and Anthony, 1958, and both 
by Anthony, 1958). 

The Hullian reasoning situation raises theoretical problems similar to those raked by 
latent learning situano Positive ap on —— [e situations Mu 
been obtained and generally accepted. In contrast, ullian 
too difficult for the rat. The failure of both our groups, those set the Hellion sitwation 
and those given free exploration, su that the Hullian situation prevents even more 
difficulty than just the assembly of viour segments. 


A systematic error in the analysis of results in the bblished report (Anthony, 1 
M the present experientia been corrected here. The experiment was - zu 
nstitute of Experimen! ychology, versity. Acknowledgement 

Dr. J. A. Deadh for supervision, and to the Medical Research Council for à research 
training grant. 


Additional note: After this article was submitted, Dya ane Jon ona rye es 
and Abright (1963) reported b raai ative results on the test trial, 
published work. All experiments have NO i inctive features of the present 

Jaccordance with the present writer's results. at U and H; (2) the 
study are: (1) apparatus for inducing distinctive s ac conl. 
inclusion of a control condition in which free explora 
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CONCERNING THE PSYCHOPHYSICAL POWER LAW 


BY 
S. S. STEVENS 
From the Laboratory of Psychophysics, Harvard University 


It is fortunate that, despite our theorizings, most of our facts manage to stay stub- 
bornly as they were. I am encouraged by that thought as it bears on a recent theoretical 
attempt by Treisman (1964) to do Over the psychophysical law. I should like, more in 
explication than in rebuttal, to comment on three major poifits relating to the law 
in question. $ - 

The first point concerns the body of interconnected observations that comprise the 
psychophysical law. The unaltered facts of interest here relate to observed correlations 
between inputs and outputs under a wide variety of procedures. The inputs are usually 
sets of graded stimuli. The outputs are responses made by human observers who, in 
accordance with instructions, may do one of several things, of which the following are 
examples. (1) Cross-modality matching: the observer adjusts a stimulus in one sense 
modality to make it appear as equal as possible to a given stimulus in another modality. 
(2) Ratio production: the observer adjusts a stimulus to make it appear to stand in a 
prescribed ratio to a given stimulus. (3) Ratio matching: the observer adjusts one of 
a pair of stimuli to make the ratio between the two match the apparent ratio between 
two other stimuli. (4) Magnitude production: the observer adjusts a series of stimuli 
to match a series of numbers. Most of these procedures have, as useful complements, 
procedures in which only the experimenter adjusts the stimuli. A combination procedure, 
recently tried out, allows the observer to perform both operations: he is asked to adjust 
the stimulus to a wide range of levels of his own choosing and to estimate the apparent 
magnitude of each stimulus that he produces. : i 

Under all these procedures, in varied and repeated experiments, the correlation 
between stimulus and response has turned out to be a power function. The exponent 
of the power function varies from sense modality to sense modality. It also varies with 
such factors as state of adaptation. 5x s 

People commonly use the word sensation in this context, and most observers feel 
certain that they are gauging the strength or intensity of their sensations oed for 
example, they report the relative magnitude of two loudnesses or of two brig en 
under instructions to do so. Usage based on the foregoing operations leads us to mal $ 
shorthand statements, and to say that sensation intensity grows as stimulus pel 
raised to a power. This way of speaking must not obscure the fact that the psyc 


. physical power law rests on the operations set forth above. The terms related are 


' ob bl these observables are correlated by power functions. : 
iot EM the wide invariance of this relation (Stevens, 1961, 1962) pine cis 
à shed others, for the existence of a simple law relating stimulus 
more than two dozen o continua eei 
i i i at à n 

to be expected. With the finding (Stevens and ge Ew Een Jw inventory ^ 
be tested. Though we may be running out o 

eption has yet appeared to limit the 


equal sti i roduce equal sensation ratios. h me 
q These SUDORE the correlations between eh otis gine des ee = 
for and give basic meaning to the psychophysical drm A Pe earel — cm 
different definition of the psychophysical law. He wou Eee qas Un (fle 
Correlation between two observables, but to the relation 

stimulus) and a hypothetical entity | 
resides somewhere between the observab 
then shows how he can alter his pi : 
merely making one or another assum t 
Thus, given that response is a power function es 
bea Mee. fancti of the stimulus (and thereby rescu echn 


do is decide that response shall be an expone 
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No doubt many different transfer functions make themselves felt along the chain 
between input and output in a complex organism. Until we know the functions, we 
are free to try to guess their characteristics. But one wonders whether Fechner would 
want to be proffered rescue by a thread so frail as a conjecture about the exponential 
dependence of responses on neural effects. Perhaps we do better to stick to observables. 

The second point concerns an error made by Treisman, as well as by others. By 
failing to catch the error he is led to imply that cross-modality matching has not succeeded 
in its goal of closing a vital circle in a process of validation. 

When stimuli in two sense modalities are matched in apparent magnitude, the matching 
function is demonstrably a power function. This outcome is consistent with both of two 
possibilities: the two modalities cpuld be governed either by power functions or by loga- 
rithmic functions. This latter possibility lures Tzeisman into supposing that cross- 
modality matching justifies the logarithmic function as well as the power function. But 
there remains the question of the exponent of the matching function. Here we find a 
crucial difference. If we know the power functions governing the two sense modalities, 
we can predict the exponent of the matching function, but prediction is not possible with 
logarithmic functions, for the exponent of the matching function then depends only on 
arbitrary constants. For a good discussion of this issue, see Luce (1963). 

It is important to be clear about the cross-modality experiments, because they appear 
to constitute the surest road to an objective psychophysical law. Since cross-modality 
matching now appears to be the most important of the methods, I can only wish I had 
hit upon it much earlier. With that method we could have learned all that we need to 
know about the over-all operating characteristics of the sensory systems without ever 
asking an observer to make a numerical assessment of any kind, Since subjective 
numerical estimations are still suspect to many scientists, reliance on cross-modality 
matching could perhaps have steered us clear of some kinds of misunderstanding. 

Of this, at least, we can now be reasonably sure: the relative values of the exponents 
of all the perceptual continua can be obtained on demand without the observer's ever 
having to use numbers to report his judgment. If absolute values of the exponents are 
desired, then, as in all measurement, we will need to agree on a reference or standard. 
What continuum should we choose? If we were to forego the use of numbers for the 
reference continuum, I should nominate apparent length of lines as a plausible substitute. 
With the aid of a device for projecting variable lines of light, we have successfully scaled 
both brightness and loudness in terms of length of lines (Stevens and Guirao, 1963)- 
On the assumption that the exponent for length is unity, the exponents obtained by 
adjusting lines to match brightness and loudness agree with those obtained with numeri 
estimation. 

The main drawback to limiting the arsenal of methods to a single procedure is loss 
of convenience. People carry numbers around in their heads, so to speak, and they can 
emit them on demand. It is less easy to resort to a darkened room, a screen and a pre- 
cision line projector every time a continuum needs to be scaled. In actual practice we 
usually employ both procedures, cross-modality matching plus the various numerical 
procedures. If you care about an exponent, you can probably pin it down tighter if 
you use a variety of procedures. It helps to balance out the biases. 

The third and final point concerns the problem of “explaining” the psychophysical 
power law. Here we enter the realm of opinion, but interest in. this problem has led to 
a variety of proposals. Perhaps no one of them yet constitutes a definitive account, 
but some hypotheses have evoked much interest and discussion. Notable in particular 
is MacKay's suggestion (1963) of a "comparator" mechanism by which the impulses 
from a sense organ are balanced against the output of a central generator of some kind. 
This conception has much novelty, for it casts the central nervous system in the role 
of active participant in a process of weighing or counterbalancing the sensory input. 
Moreover, the power-law response of the over-all system would eventuate for a wide 
variety of transfer functions in the elements of the system. Whether the nervous system 
works according to this plan is, of course, not known. i 

. Equally moot is the explanation based on learning. Treisman seems to favour the 
view, suggested by many, that the power functions are learned by the organism as it 
adapts to its world. Those who choose to oppose the idea that sensory systems have 
built-in operating characteristics apparently believe that the organism starts essentially 
blank, and that the child learns through adaptive adjustments to gauge the stimulus 
intensity and to make judgments consistent with a power function having the appropriate 
exponent. In order to make this hypothesis sound plausible, ingenuity has been supplied 
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in varying measure. To an older generation it was preposed learned 

a doubled apparent brightness because they had seen d one a 
by two. On this basis the brightness exponent would be ro. Recently a more roundabout 
road has been proposed. People are said to learn by how tne varies with 
the distance of a reflecting surface from a point source. If they have also learned that 
distance has the exponent 1-0, then the operation of the inverse-square law would allow 
them to learn that brightness has the exponent o's. Several laboratories have found, 
however, that the exponent for brightness lies in the vicinity of 033. 

Treisman goes so far as to suggest that the operation of the inverse-square law 
"explains" the exponent for olfaction, which for many substances lies in the vicinity 
of o:5 or 0-6. How, one wonders, do we learn to use the inverse-square law in sniffing 
odours when they are so often borme on air currents? 

This indeed is the point. Learning may well account for the*values of some of the 
power-function exponents; on present evidence we cannot say yesor no. It seems improb- 
able, however, that the principle of learning can cover all sensory continua. Such a 
conjecture requires that one go out of his way to deny the existence of bi differences 
in sensory systems. For most continua it seems simpler to accept as a hypothesis 
the view that the transfer functions differ from one sense modality to ‘ 

The power function applies to the over-all system, a system of many stages and many 
transductions. When the exponent of the power function differs from unity, we do not 
necessarily know where in the system the nonlinearity was introduced, but it is not 
improbable that the peripheral mechanisms are sometimes implicated. For one thing, 
we can show that, by changing the state of adaptation of a periphral transducer, the 
power function can be altered (J. C. Stevens and S. S. Stevens, 1963). When we light-adapt 
the eye to a high level, the exponent increases from about 0:33 to about 0-44, Other 
parameters of the power function also change when the state of the sense organ is aitered. 

Many points other than those noted above are touched upon by Treisman as he 
conjectures this and that. The psychophysical power law has been documented further 
since Treisman wrote, and there is no need to debate matters that have been or should 
be settled in the laboratory. Our important debates are not with one another; they 
are with nature. 
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A NOTE ON TREISMAN’S MODEL 


BY 


J. P. N. PHILLIPS 
From the Department of Psychology, The University, Hull 


It is argued (i) that Treisman's model specifies not two but an infinite number of 
psychophysical functions, (ii) that the additional assumption made to decide between 
psychophysical laws is completely arbitrary and (ii) there is no contradiction between 
Fechnerian and Stevensonian psychophysics. 

In an attempt to reconcile the “intractable andsinconclusive dispute" between Fech- 
nerian and Stevensonian psychophysics, Treisman (1963, 1964) has put forward a model 
according to which, in a scaling experiment, a stimulus I determines a neural effect 
S = f(D, from which the subject's response R = g(S) is computed. He argues that 
Stevens’ finding that R = kI» can be explained, by appropriate choice of g(S), either 
on the hypothesis that S — k'log I or that S — k"I». However, there are not two, 
but infinitely many possible hypotheses. For let f be any function with am inverse: 
then setting R = g(S) = k(f-1(S)]" = kI” will account for Stevens’ results. Thus, unless 
g(S) is specified, there will be an infinite number of possible functions f. (Whilst the 
results of cross-modality matching experiments exclude an infinite number, they still 
leave an infinite number of possible f's.) 

To derive different predictions from the logarithmic and power functions, Treisman 
makes the further assumption that more errors will occur in experiments where the 
calculation of g(S) requires "complex" computations (e.g. extraction of roots) than where 
it requires ''simple" ones (e.g. addition). However, this is completely arbitrary, and the 
reverse assumption might equally well be made: whilst for many desk calculators the 
extraction of roots is more complex than addition, precisely the reverse is true of many 
slide rules. In the absence of evidence about the type of the posited computer, no dif- 
ferential predictions can legitimately be made in this way. 

Thus Treisman’s model allows an infinite number of psychophysical functions, and 
does not make possible a decision between them, in particular between the logarithmic 
and power functions. It may be doubted whether such a decision is necessary, i.e. whether 
there is any real contradiction between the two psychophysics. Fechner found that if 
numbers are assigned to stimuli in such a way that the difference between the numbers . 
assigned to equally often discriminated stimuli is constant, then the numbers are a linear - 
function of the logarithms of the stimulus intensities: Stevens, that the numbers 
uttered by suitably instructed subjects to stimuli are a power function of them. Although 
they indicate different conventions for assigning numbers to stimuli, these two propositions ' 
are mutually consistent. 2 
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WHAT DO SENSORY SCALES MEASURE? 


BY 


MICHEL TREISMAN 
From the Institute of Experimental Psychology, University of Oxford 


It is indeed an honour to have drawn Professor Stevens’ fire (1964), in view of the 
magnitude of his research achievement in the field of sensory scaling. If I shall differ 
with him on certain of his conclusions, it is in full awarenéss of the debt we all owe him 
for the experimentation and thinkigg which has provided much of the factual basis and 
theoretical stimulus to further research and development in this area. 

Professor Stevens (1960, 1964) advocates a psychophysical power law, while 1 have 
questioned it (Treisman, 1961, 1962, 19634, 1963), r9644). I shall here examine the 
main points of disagreement lying behind these differing positions 


(1) What ave the “observations”? 


Stevens (1964) states that it is “the correlation between stimulus and response," a 
relation between "'observables," which gives the power law, and that “to say that sensation 
intensity grows as stimulus intensity raised to a power" is a "shorthand statement" 
of this. But this does not seem to me a fair description of what actually happens. Let 
us consider a "'direct" scaling experiment in which the method of fractionation is applied 
to lifted weights (W). A standard weight (W,) is presented to the subject, together 
with a range of comparison weights. The instructions ask him to choose that one of 
the comparison weights which feels half as heavy as Ws. He chooses such a weight, 
We, and the procedure is then repeated with a new standard weight. Eventually a 
number of corresponding pairs of weights (We,Ws) will have been selected. y 

Now the only “observables” that emerge from such an experiment are the paired 
weights (We, Ws). The experimenter has observed nothing else that he will use in deriving 
the psychophysical law. And no power law relates these observables. Indeed, e can 
he shown that if the psychophysical law is to be a power function, then iy s 
between We and W, must be linear (Ekman, 1958), i.e. we will have We = . th 
where b is a constant. (For aopen of puc ei VR such constants 
be dri n they do not affect the arguments pi : : A 

No E mo is RA by these observables. But such a law will — 
further assume (a) that there is z Rape ome e ge Pe E € 
of W which I shall refer to as "S," and wi ‘ > a i ageuitett 
ES— f = {(W,) and Se = f(We), and (b) that since the instructions ask j 
ato hae ed s since he has not halved Ws, what he has halved is Sy. Then 


n 
W i We — k^, where n is a constant 
we shall have S° =4, andy = k, and we can write (S) wi 


It follows that we can write S — cW^, where 

cis constant determining the unit oi S. Her we M GUT would say the experi 
j i i ent een Ste 1 t I 

EE a ee Geena has inferred its relation to W, but Stevens considers that 


it is an “observable.” 


| such that kn = 4 (ie. n = log}/logk). 


i justi by the su ition that as well 
How could such a claim be justified? patam ier toc — cer Neal aes 


as op wr Pabi this is meant to be the implication of 


i i rrespond: i ing the 
Sa E that “most observers feel izo ma a eA a of 
strength ER t ii sations menters observation of his data with 
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that the visual threshold is high during saccades and low during fixation pauses 
(Volkmann, 1962), and that the visual input is sampled in snatches about too millisec. 
long (White, 1963). Neither of these findings would find any support in the subject's 
introspections. There seems no reason why a subject’s belief that he is, for example, 
halving a psychological magnitude, should not be treated with similar circumspection. 


If S is not directly observed, then we must relate it both to the input, W,, and to 
the output, in this case the weight which the subject selects as being half as great as 
W,, ie. We. This gives the framework of an explanatory model of the usual scientific 
sort (Braithwaite, 1953) in which some symbols, which are co-ordinated with the experi- 
menter's observations (W;,W.) are related by defined rules to others (S) which intervene. 
As we have developed this model above we have the relations: Ss = Wa” (this corresponds 
to the so-called “psychophysical law"); Se = 19: (the result of the operation performed 
on S to select a weight half as heavy as Ws); and Se = We". This model includes a 
power function psychophysical law; could such a model be based on any other law? 


(One feature of a psychological model is that intervening terms which do not 
refer directly to behavioural observations may nevertheless be capable of being co- 
ordinated to potential physiological observations. We have little doubt that the 
sensory effects of lifting a weight are conveyed by nerve impulses which travel along 
nerve fibres to the brain and that the response is mediated by similar intpulses in 
motor nerves. It would seem oddly unparsimonious to suppose that the intervening 
stage, in which the sensory information is used to select the response, wds not per- 
formed by further neural mechanisms in the brain, but in some other, mysterious, way. 
It was for this reason that I suggested that S may eventually be identified as a''neural 
effect" of the stimulus.) 


2 
(2) How many psychophysical laws? 

A scientific model is changed or discarded when its predictions or logical consequences 
disagree with observation. But if different models give the same predictions we cannot 
choose between them in this way. In this sense the model above is not unique. The 
same prediction (We = kWs) will be given by a logarithmic psychophysical law if we 
describe the operation on the intervening scale as Se — Ss = log }. (This is no more 
or less arbitrary than S, = }Ss, unless we suppose that our subjects have an inner 
knowledge into the proper forms our scientific theories should take.) 

Tf We — kW., then log We — log Ws = log k, and nlog We — n log Ws = n leg k 
= Se — Ss, where n log k = log} (ie. n = log }/log k). It follows that we can write 
S = nlog W + log c, and we have n appearing as a slope constant but with the same 
value as when it serves as the exponent of the power law. 

The point is that a model sufficient to account for the result of any direct scaling 
experiment can be based on either a power function or a log function law. This istrue 
of each scaling procedure, not just of fractionation, when the model is adapted appro- 
priately. In each case the information contained in an experimental relation, such 
as We = kWs, must be spread over two theoretical functions, such as S = £(W) an 
Som g(Ss), and this information is sufficient to determine what pairs of functions are 
compatible, but not to specify any one pair uniquely. It is, of course, obvious that - 
there are an infinite number of ways in which Se = g(Ss) could be specified, each of which 
would give a corresponding psychophysical law, as Phillips (1964) notes. The pre- 
dominance of the logarithmic and power function laws in the literature probably reflects 
the simplicity of the corresponding relations between Se and Ss, which involve only 
either addition or multiplication. 

It follows that no number of “experimental demonstrations" of the power law can 
show that the logarithmic law is wrong. Each such “demonstration” will have require 
an arbitrary, even if implicit, postulate such as Se = 4S. In each case the relation 
between Se and Ss (or between R and S, depending on the procedure) could equally well 
have been so chosen that the same data would have ''demonstrated" the logarithmic 


ete But if so, how is it that cross-modality matching has “validated” the power 
aw? 


(3) Does cross-modality matching “validate” the power law? n 
In a cross-modality matching task the subject must pair stimuli in two modalities, 
such as brightness and loudness, so that they appear equally intense to him. Thus 
lights of different brightness are presented, he will select a sound which seems to corre 
spond in loudness to the brightness of each light, and it will be found that I, is à power 
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function of I, (where I, is the intensity of a sound afd I, the brightness 
units such as dynes/cm.* and millilamberts) or, if the two intensities "n ^ 
decibels, that they are linearly related. 

This, of course, is the observable experimental result, and it is à matter of inter- 
pretation to suppose that what the subject "really" matches are quantities S, and $, 
related to I, and I, by power functions S, = I," and S, = I,*. 1f this assumption is 


made, we get I," = I," and consequently log I, = Ax I, This predicts the slope 


of the matching function, and if n and m have been determined by a direct method such 
as fractionation, the prediction is confirmed. But the power function i» not the only 
route to this prediction: if fractiongtion results had been scaled on the assumption that 
Se — Ss = log j then they would have given the log laws S," n log I, and S, = m log I, 
with the slope constants having the same values as the exponents above; and the same 
prediction would, of course, have followed from these laws, anil been confirmed. This 
is why cross-modality matching does not "validate" the power law as such 

The "error" that has not been “caught” in this case, both by Stevens and by Luce 
and Galanter (1963), whose argument is essentially the same, is the failure to appreciate 
that a log law derived from direct scaling data will have as its slope constant the same 
value that appears as the exponent of the power function given by those data. It is, 
of course, true that the slope of the matching function would not be icted by log 
functions obtained by some other procedure, such as summing j.n.d's, which gives 
arbitrary slope constants, but it has not been proposed that it would (Treisman, 19644] 
The scale derived from difference threshold data is not necessarily the same as that 
underlying magnitude judgement tasks; they may well represent different “neural 
effects" of the stimulus (Treisman, 19645, 19646). ^ 


(4) Are psychophysical laws learned? e 
“Measurement is the assignment of numerals to objects or events according to rules 

(Stevens, r951). This definition summarizes the modern appreciation that meena) do 
not inhere in objects or events; the ways we apply them require explanation. We are 
not born knowing how to use the words of French or English or any other languag; 
we have to learn how to apply them to the situations and events we come sorom- 

thjs must be as true of numbers as of other words. If different people anpa i — 
rules when using numbers in a given situation it is most probably because hy io is a 
taught these same rules, whether explicitly, as when we learn to count, or in 3 oes 

' ways. It is difficult indeed to see how else we could explain our mutually comprehensi: 


| í -circu s 
than that he is somehow short tate? concentration of a transmitter substance at 


i input side. This 
of fibres firing?) at some point on the sensory Mer 
between the exponents foun 
M das li, E number of 
i empts to 
modalities (Warren, 1958; Treisman, 19644). This num hit ee es d 
relate exponents to the physical properties d the [on mend m , 
sensory scaling procedures may provide a tec me (9 
we learn to use evaluative and quantitative words. odi SORAS 
This argument does not imply that psychophysi Re dieron xt de 
inferences about the physiological effects of EET ca sman 
—but that direct scaling procedures do not do : 


(5) Which is the better psychophysical law? 


i Ps ete eee , it aj that a conven- 
If the validity of the ‘introspective criterion 15 rejected, it appears ical law. This 


` - ish a unique psychophysica d 
t ry experiment cannot establis ‘cal law is equivalent 
Huet er fact that determining the psychophysical law is eq i 
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to specifying a scale for S. Butas *measurement is the assignment of numerals to objects 
or events according to rules,” if we wish to scale S we must choose an appropriate con- 
vention or rule, and no experiment can tell us which of two possible rules is the “right” 
choice. Each will give a scale which can form the basis of a coherent descriptive system 
which can be applied to the results of any experiment. We cannot select between them 
by a crucial experiment, but this does not mean that we cannot make a choice. To do 
so we must apply the criteria by which we choose useful and readily manipulable systems 
of description, rather than clumsy and confusing ones. 

A famous example was the conflict between the geocentric and heliocentric descriptions 
of the solar system. Each is equally valid, in the sense that any correct statement in 
one set of terms can be translated: into a corresponding correct statement in the other. 
One is not "right" and the other "wrong"; nevertheless, the acceptance of Copernicus' 
system was a great advance. The Ptolemaic system was clumsy and confusing; the 
heliocentric description cóuld encompass a great variety of observations in simple and 
coherent terms that led on to further insight. It was, of course, an empirical fact that 
the structure of the solar system led to this result; had it been differently constructed 
the geocentric description might have proved the simpler. But the choice would still 
have been determined by the utility of each description when applied to the empirical 
observations. > 

As a different example, consider that we are investigating an unknown device which 
can combine two input signals and give one corresponding output. We have àdopted 
conventions which allow us to measure each signal on “Scale,” and we find that when 
the two inputs measure 3 and 4 units on this scale the output is 5 units: "3 &4-—5" 
Similarly, “7 & 11 — 13:04," “5 & 12 + 13," etc. What light do these data throw on 
the device? One solution would be to accumulate a great many of these results, tabulate 
them, and use the tables to forecast the future performance of the device. Or we might 
observe that a different rule would define a “Scale,” on which these observations would 
now be represented by: "9 + 16 = 25”; “49 + 121 = 170"; “25 + 144 = 169." Given 
this choice we should probably prefer the Scale, descriptive system, since it will allow 
us to identify the device as an “adder” and predict its future performance without more s 
ado. (The relation between the scales is given by Scale, = Scale,}.) 

These considerations suggest that to choose between the laws we should examine their 

application to the empirical data on scaling to see which descriptive system handles 
the data with the greater facility. I suggested that the human operator should b? 
compared to a computer which measures the stimulus and then performs operations 
on this measure in accordance with a programme, and that we would prefer a description 
which makes the calculations it must do appear easy and simple when in fact it does 
perform readily and adequately, and difficult when its performance is slow and erroneous 
(Treisman, 1964a). Phillips (1964) has objected that this is “completely arbitrary" since 
what appears to us a complex operation, the extraction of roots, may be easier than à 
simple operation, addition, when a slide rule is used: in the absence of evidence about 
the type of computer we can make no predictions, he says. 
A The error in this argument is Phillips’ assumption that a slide rule can be described 
in only one way. Let us consider a rule with two parallel scales, A and B, consisting 
of numbered corresponding points with the relation A = yB. We could renumber these 
points on scales A’ and B’ (given by A’ = log A, B’ = log B) and we would now have 
A’ = $B’. Extracting the square root will have been replaced by the simpler operation 
of halving. In fact we do not do this because we should lose more than we gain: B is 
normally identical with an observation or measure of data, but B’ is related to it in 
a more complex way. We find it far simpler to leave a number unchanged than to find 
its logarithm; this Seems so obvious that it never occurs to us to scale the slide rule and 
describe its use in terms of A’ and B’. In contrast, in the example above we preferred 
to call our device an adder rather than have the operations “&’’ and “‘—’’ because we 
were free to choose ourscale. Butif we had found that in many important ap»lications 
Scale, gave simple descriptions but Scale, led to confusing complexity, then we might 
have resolved the conflict by retaining Scale, and defining the complex operations dd 
the taking of a sum of squares, and “—>,” extraction of the square root. 

Now it is conceivable that with the advance of physiological knowledge a similar 
conflict may appear between the description of the "neural computer" suggested: by 
behavioural work, and the "natural" description of its neurophysiological constitution. 
For example, we would almost certainly prefer to count numbers of nerve impulses on 
the scale of positive integers, 1,2,3... rather than, say, o, 0:3, 0°48, 0°6...- But this 
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might lead to an interpretation of S = f. i clumsy basis describing 
behaviour. It would then be the case that D MR description i 
was unavoidable, and we must choose where we would prefer to have it (unless, as wit 
“wave” and “particle” descriptions in some areas of physics, neither system has a clear 
overall advantage in simplicity, and both are maintained in parallel). But a conflict 
of this sort has not yet ten found and may never be found; its possibility does not 
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such as pitch, 
undergo no such change. Taking S: = log I we can describe this by myag bo the 


procedures. Learning resulting from an environmental stimulus relation causes Sı to 

be exponentially transformed. In this form the description is fairly plausible. But 

how willt look if we take Sp = I^? We must now say that when there is no pressure 
ic 


from the environment this will cause Sp to undergo à logarithm: 
- magnitude estimates are made or category labels assigned. The effect of learning rf 
duced by correlations between stimulus inputs is that S, remains unchanged. It is 
obvious that if this account is correct, its description in Sp form is less facile and more 
confusing than when S, is used as a basis for description. ə 
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BOOK REVIEWS 


British Medical Bulletin: Experimental Psychology. Edited by A. Summerfield. London: 
Medical Department of the British Council. 1964. Vol. 20, Number r. Pp, 86. 
30s. 


Medical research is increasingly relying on the methodology of the fundamental 
sciences, and the doctor who lacks basic training is at a disadvantage when it comes to 
the enlargement of medical knowledge. Among the sciences, a thorough grounding in 
psychology could prove rewarding, and it is towards the doctor who has already made 
himself familiar with basic psychological concepts that the bulletin under review is 
directed. This reduces the potential medical readership of this issue to a handful, but 
at the same time makes the bulletin suitable for a lerger audience among psychologists. 
It offers material of potential clinical relevance, the scope of which is limited only by the 
range of the reader's imagination. No less important is the fact that a number of problems 
left unresolved in these reviews might perhaps be solved by suitable experiments on 
clinical case material. 

Topics of current interest are reviewed by 15 leading experimental psychologists, all 
but one British. This patriotic approach to the selection of contributors results in the 
omission of some important recent work (particularly in the fields of animal psychology 
and of experimental linguistics). Nevertheless what is presented is of the greatest 
interest. 

Reviews of human learning (Kay) and short-term memory (Brown) are complemented 
by more personal and highly readable accounts of selective attention (Treisman), vigilance 
(Broadbent) and decision making (Audley). Gregory discusses some perceptual issues, 
and Crossman’s informational approach to skills winds up the first half of the symposium. 
The second half touches on a variety of issues, including an outstanding review of visual 
discrimination in animals (Sutherland). Weiskrantz used to best advantage the scant 
space allotted to him for a review of neurological studies and animal behaviour. Zang- 
will’s account of neuropsychology, the only one directly concerned with clinical material, 
highlights this field in its uneasy transition from the anecdotal to the experimental stage. 
There are also articles on ageing (Welford), sleep (Oswald), and a pedestrian account of 
perceptual isolation (Zubek). Finally, reviews of drug effects on man and animals 
(Summerfield and Steinberg respectively) provide useful references for pharmagologists, 


though they might have been more suitably placed in the forthcoming bulletin on 
neuropharmacology, 


Perhaps helped by editorial rigour, the contributors succeed in presenting accounts 


which are both concise and readable, and in which complex issues are explained with 
deceptive ease. The general impression is that of a well chosen and skilfully produced 
compilation, giving a vivid picture of the wealth of interesting experimental work at 
present under way in British laboratories. M. KINSBOURNE. 


Reading Disability: Progress and Research Needs in Dyslexia. Edited by John Money. 
Baltimore: The Johns Hopkins Press (London: Oxford University Press). 1962. 
Pp. x + 222. 4os. 


This book must be welcomed as one of the first for many years to devote attention to 


the psychological processes actually involved in reading, and to make some attempt to 
pick out those which appear to be particularly affected in cases of developmental 


dyslexia. It is also to be commended in that it makes clear from the start that there is 
undoubtedly à general condition, termed specific or developmental dyslexia, which must 
be differentiated from conditions 


of reading backwardness caused by environmental 


factors such as inadequate teaching, or by general maladjustment. Moreover, it iS 
stressed, notably by Zangwill, that large-scale surveys, in which various signs apd factors 
are correlated one at a time with rea. 


201 6 : ding achievement, will throw little light on this 
condition. Itis notable chiefly as a total syndrome or group of signs occurring together, 
none of which is unique in itself, but which are related in one or more specific configura- 
tions. This is emphasized by Money and Benton. Unfortunately, investigation of the 
incidence and exact relationships of Symptoms and possible causal factors has often been 
insufficiently precise as regards testing, measurement and calculation of distribution tO 
denne the nature of the syndromes; and clinicians must to some extent be to blame 
1S, 
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As with so many compendia of ference 
two consist Meus vague talk ees the puces gutes rtis m ere d eme 
Two papers deal wholly with acquired dyslexia in ad ene yslexia. 

E Dh in adults, the relationship of which to 
developmental dyslexia is somewhat remote, as the authors admit. However, there 
Fronts, which aas rar anbl papan (adiing ea escaleat Introductory paper by 
developmental dyslexia. east in su as to the nature and causes of 

The principal point of agreement between a number of authors is i 
eX that simple visual and auditory perception are ear tndrore tee eee 

jome backwardness in visual and auditory perception, and even in directional perception, 
may retard the early stages of reading, but; as Benton emphasizes, most children grow 
out of this. In the true dyslexic' the analysis of complex visual forms may be poor 
(Birch) and/or the processing and remembering of compléx auditory patterns (Hardy). 
Birch suggests also that the organization of sensory patterns ntay be defective; in some 
children, the visual-auditory, in others the visual-kinaesthetic. But so far he has no 
very conclusive evidence on this. Perhaps most important is the hypothesis of Money, 
based on suggestions made by Rabinovitch, that conceptual difficulties are involved in the 
use of associated forms and sounds as symbols to which conceptual language meanings 
must be attached. The child must learn to understand that every word concept is 
symbolized by its constant and unique sequence of letters, which themselves may vary 
in certain respects (for instance, in different scripts), but not in others (for instance, 
orientation). Directional confusion may affect the remembering of the correct order of 
letters in sequences, but Benton is of opinion that in dyslexics it is the conceptualization 
and verbalizing of left-right directions which are deficient rather than their immediate 
perception. 

Directional confusion has often been associated with weak or inconsistent latérality, 
which frequently appears in developmental dyslexia. Zangwill notes that this condition, 
often attributed to failure in development of normal cerebral dominance, may also 
associated with some other deficiency in maturation or with unusual vulnerability to the 
effects of stress. These cases frequently show defects in speech development, spatial 
perception and motor control. On the other hand, there are cases of dyslexia in which 
none of these signs is apparent; clearly these require further investigation. 1 

There is also the possibility that some other neurological dysfunction may be involved, 
ap even minimal brain injury. Prechtl describes an interesting group of children with 
non-specific lesions of the brain who are characterized by excessive motor incoordination, 
with choreiform twitchings of the head and limbs. The eye muscles are affected, which 
may well cause difficulties in eye movement and fixation in reading. He has not yet 
demonstrated that this condition is associated with dyslexia; but other investigators have 
noted the frequent restlessness and over-activity of dyslexic children. — ad 

It may be concluded therefore that we have as yet no clear insight into the xe at 
termed developmental dyslexia. Even its characteristic syndromes remain to be x $ 
But this book is of real value in that it suggests several significant p departure for 


future investigation. . D. VERNON. 


i i iswell, Herbert 
Mathematical Methods in Small Group Processes. Edited by Joan H. Criswell, 
Solos and Patrick Suppes. London: Oxford University Press (for Stanford i; 


University Press). 1962. Pp. viii + 361. 78s. oe 

This book is a collection of the 22 papers presented at the recur rae 
posium in June, 1961, bringing together a distinguished set of contribu ieget E hes 
interest in “the process analysis of interpersonal relations. M fi i Soha iie 
current developments in da on small groups, featuring mathemà 
_ the imentation to which they give rise. — "IE 
| Aa pue to this field will certainly be impressed by the amount e eeu of 
x but will search in vain for any era pier iy he hrsz n 

is developing so fast, and so we mus f 

being on picking out the odd interesting result and thoughtful comment that lie embedded 


note in claiming that many current 
ematics more suitable for things than for people, 
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the efficiencies of the individual groifp members, and its application by Restle to a waiting- 
time model for deriving the number of stages in the problem’s solution. Both models 
will need to take account of the social interactions present before they agree well with 
experimental results. Foa has an interesting application of facet theory to husband-wife 
pairs, picking out three facets and showing a circular structure of the eight relationships, 
considered as elementary components of behaviour. The role of individual members in 
determining group standards or decisions is discussed in various ways by Anderson, 
Cohen, Moore and Anderson, Smoke and Zajonc, and Roby, whilst the influence of one 
group member upon another is the main interest of both Coleman and Karlsson, the latter 
giving a mathematical characterisation of the reward or punishment potential of the 
stimulus. Of the model-makers,,Atkinson' introduces a ‘‘strength of conditioning" 
factor to adapt previous models which he found defective, but Estes prefers to keep to the 
learning axioms and adopts a "scanning model" where the subjects choose the response 
that maximises the expected reward. Bush contributes a very thoughtful paper reaching 
pessimistic conclusions on the future of stochastic models, and insisting on the develop- 
ment of new experimental techniques before model-building can have any chance of 
success. P. R. FREEMAN. 


Mental Radio. By Upton Sinclair, with an Introduction by William McDoñgall, a 
Preface by Albert Einstein, and a Report by Walter Franklin Prince. Springfield, 
Illinois: C. C. Thomas. Revised Second Printing, 1962. Pp. xiv + 237- 


In the first part of this volume Upton Sinclair, the well-known novelist and writer on 
social problems, describes his own experiments in the attempted telepathic ‘‘trans- 
mission" of rough drawings. In most of these experiments he was himself the "agent," 
and in all of them his wife was the '"percipient." The experimental procedure was in 
many instances as follows. Mr. Sinclair, alone in his study, would prepare a small batch 
of drawings, place them in envelopes or otherwise conceal them, and take them to his wife. 
Mrs. Sinclair, lying in her room in a self-induced hypnoidal state (of which she gives a full 
description), would place the still-concealed drawings one by one over her solar plexus, 
and attempt to reproduce them. Of 290 attempted reproductions Mr. Sinclair ranks 65 
as "successes," 155 as “partial successes," and the rest as failures. About half of the pairs 
of drawings are shown in the book, and it certainly does not seem plausible to ascribe the 
coincidences tochance. One might perhaps argue that persons who live together for many, 
years will acquire a fund of common associations capable of producing such resylts; bu 
against this must be set the fact that Mrs. Sinclair was nearly as successful with the 38 
drawings provided by her husband’s secretary as with those which Mr. Sinclair drew 
himself. And in any case, as Einstein says in his Preface, “if somehow the facts here set 
forth rest not upon telepathy, but upon some unconscious hypnotic influence from person 
to person, this also would be of high psychologicalinterest. In no case should the psycho- 
logically interested circles pass over this book heedlessly.’’ : 

The second part of this volume consists of a lengthy and able evaluation of the Sinclair 
experiments by Walter Franklin Prince, who carried out a large number of control experi- 
ments to rebut the hypothesis of chance coincidence. Dr. Prince also describes a further, 
and moderately successful, series of 25 attempted transmissions of drawings, with Mrs. 
Sinclair as the “percipient,”” and William McDougall as the “agent.” 

Those interested in extrasensory perception may find the experimental methods 


described in this book a profitable escape from the aching tediousness of the customary 
card tests. A. GAULD. 


Clinical Correlations of Experimental Hypnosis. Compiled and edited by Milton V. Kline. 
Springfield, Illinois: C. C. Thomas. 1963. Pp. xv + 624. $15.75. 
Hypnotism: An Objective Study in Suggestibility. By A. M. Weitzenhoffer. London and 
New York: John Wiley (Science Editions). 1963. Pp. xvi + 380. 20$. . 
The first volume brings together 34 selected papers dealing with various aspe, 
hypnosis, of which six are original and the remainder culled from various journals - 
mostly American and mostly fairly recent. While a certain number are concerned wi 


therapeutic applications of hypnosis (one of which bears the splendid title: “On the. 


Psyche and Warts”), most of the papers deal with the experimental analysis of hypnotic 
phenomena and the 


ne: heir relationship to other and less dramatic psychological issues. In 
the opinion of this reviewer, this collection is even more uneven and lacking in unity 
than most of its kind. Butit will no doubt be of value to specialists. 


| infant interaction held under the auspices of 


important, the book shoul 
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The second volume is a paperback reissue of a boók first published 
whole, it is a well-informed and sensible study, with some attempt at pe Ay 
pretation. Most of the experimental studies relevant to hypnosis up to the year of 
original publication find mention. O. L. Zawowns. 


The Mentally Retarded Child. Edited by A. R. Luria. Translated from the Russian 
W. P. Robinson, Oxford: Piaroa Press. 1963. Pp. viii + 207. sos ” 
This is a popular exposition for teachers, psychiatrists and psychologists of work 
mental defectives mie ees by Luria and his colleagues, An pos LE euch 
the causes of scholastic backwardness and distinguishes mental defect and it» accom- 
panying cortical pathology from pupils who have beén neglected, those su from 
feeble or asthenic nervous systems and those who are deaf. ;Lhe mentally 
group is then sub-divided aetiologically. The psychological consequences of cortical 
pathology namely the inertness of formed reflexes and lack of capacity to synthesise or 
generalize are mentioned as are also a notable lack of attention concentration in these 
patients, Various possible causes are hypothesized for the psychological subt of 
mental defect described, i.e. the excitable, inhibited or groups. A third 
deals with the E.E.G. in imbeciles, a fourth with orienting reflexes. The fifth examines 
peculiarities of higher nervous function such as inertness or rigidity, lack of capacity to 
generalize on a conceptual basis and poor association between verbal and motor skills. 
Conditioning is slow and transfer on the basis of verbal instruction is poor, just as ortenta- 
tion was shown to be deficient in the previous chapter. Throughout these chapters 
external inhibition is shown to be stronger in imbeciles than in normals but orientation 
weaker. Two further chapters show firstly deficiencies in relationship between verbal 
and motor behaviour and secondly various aspects of verbal association behaviour® This 
material is already well known from previous translations of Luria's work. The central 
points of these chapters are the noted inability of defectives to make semantic connections 
rather than phonic ones. A short final chapter summarises the work reported. - 
The approach made in this book is both interesting and provocative and the original 
and ingenious experiments reported are of the same kind as those in Luria's previous 
publications. As this is a more popular work however, fewer details are given and some 
of the clinical observations would not acéord with English experience or practice. This 
would also be true of some of the E.E.G. findings. It is to be hoped that closer 
cOntact petween Soviet and English workers in this field some of these differences of 
opinion can be resolved. In the meantime this small book could serve as a very good 


student’s introduction to the Soviet approach to the psychology of — Le ; 


Determinants of Infant Behaviour IT. Edited by B. M. Foss. Witha Foreword by Jobn 

Bowlby. London: Methuen. 1963. Pp. xii +248. 455. 

i i Proceedi of the Second Tavistock Seminar on mother- 
This o sic the Ciba Foundation in —G 1961. 
It is essentially a continuation of the first Symposium held 2 years earlier, the proceedings 
of whid od in this Journal, 1963, 15, 221. The pan t 3 com ġe 2 pages 
shorter and three shillings dearer. seins Fic sca b wma erg =f : 
Rowell, H. F. R. Prechtl, Mary Ainsworth, mes wee d Schaffer, 


i therland. 
J. A. Ambrose, R. A. Hinde and J. D. Su ; mea 
a competent editorial job but it is a pity that he does not otherwise Te eh i on 


i don: 
Scientific Principles of Psychology. By Donald J. Lewis. New Jersey and Lon 


Prentice-Hall. 1963. Pp. xi + 580. 64s. à 
^ logy—the Study of Behaviour. By Paul Swartz. Princeton, New York, Toronto 
^" and London: van Nostrand. 1963. Pp. xix + 451. 545. 6d. 1 

The American market for introductory psychological d anal " ara wo 
and one may speculate how authors go about getting their xi e e dapes oe 
texts, the aim is to cover all contemporary American psychology Hips "ws Bo 
sion of an integrated discipline, and at the same time to ee paved a mth 
the history of the subject and controversial points should be pl i most 

d be visually attractive. 


) 
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Lewis starts with methodology dnd statistics, then introduces his personal viewpoint, 
which is that psychology should be based on Pavlov and, especially, Skinner. A large 
part of the book is devoted to this, and it is done with thoroughness and clarity. Later 
there are sections on physiology, biology, motivation, perception and so on, but they 
link so poorly with Skinnerian psychology that they almost have the look of appendices, 
and no theory is developed with completeness. The book has its points for those who 
want an introduction to methodology and neo-behaviourism. However, when contro- 
versial points are mooted the author tends to take a dogmatic stand. Sometimes the 
argument is careless—''Humans apparently do not even possess an instinct for self- 
survival, for people under certain circumstances can be taught to kill themselves"—and 
there are inaccuracies even in statistical formulae (at one stage the printer has run out of 
capital sigmas and replaced them with capital Es). Tie glossary is a disaster: “Abscissa. 
The vertical line that ffames a graph. The values of the measuring instrument are 
plotted on the abscissa"; *Culture. Any behaviour learned by a member of society from 
someone else"; “Identification. Responding to common social stimuli as if the responder 
were a larger, more powerful person or institution"; “Typology. A doctrine maintaining 
that body-type and personality are related.” 

Swartz’s viewpoint is biological and social, and his chapters follow a sequence common. 
in introductory texts. The result seems better integrated and personal bias is less evident. 
The experimental illustrations are carefully chosen, some being unusual. The author is 
honest about his sources, and he is accurate. The book is written at an elementary level, 
yet it would give a commendable scholarly impression if it were not for the method of 
presentation. The first chapter begins “Into a small, glass-enclosed box in the psychology 
laboratory of a large mid-western university a pleasant-faced young man in a white coat 
places a sleek hungry rat (see Figure 1.1).” Elsewhere the book is spattered with poems 
(which would make a lively anthology on their own) and lurid case-histories. 

Nevertheless Swartz’s book is by far the better of the two. One can imagine that it 
will be a success in the liberal arts colleges; and it would make a splendid text for the 
expanding British universities if someone would provide an English translation. 


B. M. Foss. 


Multivariate Procedures for the Behavioral Sciences. By William W. Cooley and Paul R. 
Lohnes. London and New York: Wiley. 1963. Pp.x-+ 211. 51S. 


“This book describes some of the more useful multivariate techniques and how te 
compute and report them.’’ Computer programmes are given as flow charts, from which 
complete programmes can be compiled for any digital computer, and also in FORTRAN, 
directly applicable to most IBM computers, and to an increasing number of others. 

Even though the book both serves as an introduction and also supplies ready-to-run 
programmes, it does need to be supplemented by further instruction both in multivariate 
ism od LAE. References are given for this. A basic knowledge of sut 

ut of no other mathematics, is assumed. The j ers, especial 
eae d he jargon may worry some readers, especially 

The techniques are clearly, though not fully, described, making clear the type of 
problem for which each was designed. Most workers in the less exact sciences must 
have met with such problems. The authors stress that “computers are easy to use once 
the 'rules of the game' at the local center are understood." Probably only when the 

laborious computations involved in multivariate techniques are thus made easy, will 


researchers be able to evaluate dispassionately the results of the calculations. Recipe 
books like this one are therefore welcome. PauL WHITTLE. 


Perception tachistoscopique et communication. By Arthur Fauville. Louvain: Nauwe- 
laerts. 1963. Pp. 56. 80 FB. 

. This monograph is a review of experiments carried out at the Laboratoire de psychol- 
ogie expérimentale de langage of the University of Louvain applying the information 
theory measure of channel capacity to absolute judgments in the visual modality. Since 
the details of most of the original experiments are only available as unpublished reports 
of the University of Louvain the monograph provides a useful summary of the work. 

The technique used is the identification of the position of one or more points in à 
matrix presented tachistoscopically, and the main variables examined are size of matrix, 
relative position of the points and duration of exposure. 

In general the results confirm American findings that when one increases the number 
of independent dimensions of variation in the stimulus the channel capacity of the 
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subject is increased, but falls short of the val: predict mption 

x. dimension acted independently. Mee gros pm = 
"his is described in terms of a differe ween “perception à " e 

ception globale.” " rper 2 

An analysis of errors reveals that these are not random, but 1 i 
preferences or biases which are similar in all subjects. gipa et ee (Re 

The author does not, however, discuss the important point raised by Ericksen and 
Hake when dealing with multidimensional stimulus variations. They found that when 
variations along different dimensions were perfectly correlated, so that the total number of 
categories to be discriminated remained the same as if only one dimension had been used, 
channel capacity was increased by almost the same amount as with uncorrelated variations 
where the total number of stimulus categories is much greater. 

As Garner points out, when one uses several dimensions of variation it does not seem 
to matter whether the stimulus variations are correlated or not. What is important is 
that the perceptual dimensions themselves should be relatively independent. 

Roy Davis. 


Measurement in Personality and Cognition. Edited by Samuel Messick and John Ross 
:New York and London: Wiley. 1963. Pp. xi + 334. 455. 


This book “is based on a conference, held at Princeton, New Jersey, under the auspices 
of the Educational Testing Service." It is divided into five sections, such as "Question- 
naire Measures of Personality Dimensions" and “Stylistic Consistencies in Cognition,” 
each section being followed by a Commentary, expounding and criticizing the relevant 
chapters. 

Prom the laborious and heavy reading of this highly professional book, three points 
emerge: (i) That the terminology in this field is now past a joke. It has become a tragedy. 
(ii) That the yes/no and true/false type of item favoured in many personality inventories 
is inadequate and may be misleading. (iii) That the gulf is ever increasing, between the 
“‘personological’” theorists and the man in the street—in whom the theorists claim to be 
interested. A, W. Hem, 


Maternal Behaviour in Mammals. Edited by H. L. Rheingold. London and New York: 

^y Wiley. 1964. Pp. viii + 349. 66s. 1 
This book contains ten studies of maternal behaviour in mammals, each reflecting the 

author's particular angle—behavioural, genetic or evolutionary. Those on moose and d 

(Altman), langur monkeys (Jay) and baboons (De Vore) are based on urne ien A 

free-living animals: the two primate papers especially, written by anthropologists, 
contain much new and important material The Wisconsin data on oO ae 
rhesus monkeys, reviewed by Harlow, Harlow and Hansen, provides a contrast in r 
of approach and demonstrates the progress which can be made by careful n: 
work in this field. Herscher, Richmond and Moore emphasize the strong individu: 
specific mother-infant bond which is established in sheep and goats during à a 
period shortly after birth, and its consequences for the development of ies JURE. a 
the chapter on the rabbit (Ross, Sawin, Zarrow and Denenberg) the emp dc A 
interaction of genotypic and Fais iced hc an P De E. matema (King) 
several domesticated strains being comparec. ^ y , based $ 

volves the comparison of geneticall 
EE om laboretory Use E concentrates on the mother’s 
rst few months of life of several varieties of dog, stressing at 
hich the mother’s behaviour is beg by ~ Lene 
. This developmental approach is seen especially in the chapters 

ISchüeirla RETE and Tobach; Rosenblatt and Lehrman), which will ste A Sone] 

, landmarks in the study of mother-infant interaction. Starting from a 0 


biological and psychological levels. latter are not of uniform 
The book is well illustrated by figures and plates, though the la dos nop; 


clarity. 
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The Selective Process in the Functional Visual Field. By A. F. Sanders. Soesterberg, 
Netherlands: Institute for Perception RVO-TNO Monograph. 1963. Pp. vi 
+ 190. 

The author, a Dutch psychologist at the Institute of Perception in Soesterberg, sees 
the selective process as a component of “attention,” the other component being “intensity.” 
In his introduction he shows how neglect of one or the other aspect led to “attention” 
either being equated with "set" or being merely a part of sensation, in both cases losing 
its usefulness as a separate concept. More recent uses of the word have been more 
profitable and Sanders scrutinizes particularly Broadbent’s Filter Theory. This leads 
to a consideration of switching time, grouping and discrete selective acts from which the 
author emerges to describe some 2e experiménts involving the simultaneous or sequential 
presentation of visual signals separated in space. As the visual angle is increased, the 
reasoning goes, the subject will be less able to group the stimuli and will have to treat 
them sequentially; i.e. using two selective acts. In this way we can hope to learn more 
about attention. 

While the justification for the experiments is occasionally difficult to follow and not 
completely convincing (e.g. how far is it reasonable to talk about eye-fixations in reading 
as separate “‘selective acts’’—and so as indications of changes in attention —when informa- 
tion regarding the same word may be taken in peripherally in two successive fixations ?), 
the experiments themselves are well designed and informative. 

Sanders is able to distinguish experimentally three levels of the functional visual 
field; the stationary field, the eyefield and the headfield, the boundaries of which, 20-30° 
and 75-105? respectively, coincide with drops in performance in various reaction time 
experiments. In the stationary field only one selective act is necessary (subject to 
information limitations) compared with two selective acts in the headfield. In the 
eyefield, a second selective act is often necessary, but only to confirm hypotheses already 
formulated on the basis of information gained in peripheral vision during the first fixation. 
Where two responses are required to simultaneously presented signals, the time for the 
second is less than that for the first except in the headfield where the times are equal. 
The author relates these results to the differences between grouping and successive 
handling, discusses alternative strategies for handling the information in the light of the 
work on refractoriness, and then looks at the effects of instructions and training upon 
performance. Finally, with more complex tasks, Sanders reports that the stationary 
field-eyefield discontinuity in performance tends to disappear, and the eyefield-headfiekt 
transition point varies with the difficulty of the task. 

The author has the irritating habit of trying to draw smooth and fairly meaningless 
curves through three non-smooth points, and on occasion relies overmuch on subjective 
ratings from highly sophisticated subjects, but in the main the experiments are well 
treated. Sanders does not strain his data by constructing an overcomplex theory but 
rather regards his monograph as a pointer, which seems just. Joun Morton. 


Clinical Psychology: An Introduction to Research and Practice. By N. D. Sundberg and 
L. E. Tyler. London: Methuen. 1963. Pp. xviii + 564. 50s. 


This is a very “Global” book, covering every possible aspect of its field and using as 
»many words as it can. 76 pages are devoted to discussing what clinical psychologists dO, 
»200 odd to psychological assessment, and the rest to psychotherapy. At the end it is not 

much clearer than it was at the beginning either what psychologists do do or what good 
they are. Moyra WILLIAMS. 


Expression of the Emotions in Man. Edited by Peter H. Knapp, M.D. New York: 


pone ee Universities Press (London: Bailey Bros. & Swinfen.) 1964. PP, 
351. s. a 


This is the report of a Symposium held at a meeting of the American Association for | 
the Advancement of Science in December, 1960. It contains short contributions from 
some 3o psychiatrists, psychologists and sociologists, some of them very well known 
indeed. Yet the impression one gains is that this Symposium, like so many of its kind, 
was essentially contrived and that few of the authors had anything very fresh to say pe 
felt any great incentive tosay it. Even by modern standards the price seems inordinately 
high. O. L. ZANGWILL. 
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